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Tue classical physiology of sensation is based on the concept of two 
different processes in the production of perceptions. The first process, 
a purely physiological one, forms elementary sensations strictly corres- 
ponding to the peripheral stimulus. The second one is a psychological 
activity integrating the elementary sensations into perceptions. According 
to this theoretical background the physiological methods of examination 
of the sense organs intend to give exact thresholds for the appearance of 
elementary sensations. The obvious difficulty in obtaining such exact and 
constant thresholds is overcome by introducing standard conditions for 
the various examinations. From the biological point of view, however, 
these standard conditions are an unjustified restriction of normal sensory 
activity which is not confined to optimal conditions of examination. More- 
over, the biological thresholds are not constants as we find them in physics. 
They are achievements produced and maintained by the activity of the 
organism, especially of the nervous system. They are the result of dynamic 
processes. Therefore, the time factor plays an essential réle in normal 
and pathological perceptions and must be particularly considered in an 
adequate examination. 

In the case of visual perception there is still another point which is 
neglected in the usual methods of examination. Contrary to the different 
tactile areas of the skin, the visual organ acts as a whole under the leader- 


ship of its most efficient parts. With the exception of perimetry, visual 





examinations test only the foveal vision. Perimetry—it is true—applies to 
the most peripheral parts of the visual field, but it provides no adequate 
testing for the more central parts with their increasing functional level. In 


contrast to the physiological examination, visual perception of daily life 
! Two lectures delivered at the National Hospital, Queen Square, February 1953. 
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depends on great parts or even on the whole of the visual field. For this 
reason examination of the whole field is indispensable. 

To meet these necessities we have the following methods of examination 
in addition to the usual methods: 

For the examination of visual acuity in the peripheral visual field we 
use two white squares of | cm. on black ground 1-8 mm. distant from each 
other. We measure the field borders of distinct perception of the two 
squares. 

The colour perception is also examined by quantitative perimetry 
with the use of coloured objects of different sizes. Both examinations 
are generally performed on the Bjerrum campimeter in full daylight of 
at least 200 lux. Re-examination in reduced light generally reveals a 
greater contraction of the field in pathological cases than in normal con- 
trols. For special examination of the immediate adaptation we use 
Comberg’s Nyktometer devised for the testing of airforce pilots which 
measures the changes of visual acuity according to reduction of light 
intensity. The effect of dazzling can also be tested with the Nyktometer. 
In pathological cases the effect of dazzling exceeds the normal range. 

The time factor in perception is considered in two aspects, namely, the 
so-called Empfindungszeit (sensation time) and the local adaptation. The 
sensation time is the minimal time required for the appearing of a sensa- 
tion. It is tested with the tachistoscope. For the tachistoscopic exposition 
of objects in the peripheral field we use an apparatus devised by Poppel- 
reuter (fig. 1). The patient sits in front of a transparent screen with a 
fixation point. The targets are projected onto the screen by a projector 
with a shutter mounted on its tube. <A flap-board behind the screen has 
on its back the co-ordinates of the visual field so that with opened shutter 
the object may be fixed on any point of the field. Then the shutter is 
closed, the board removed and the object can be exposed for the desired 
time. We test the sensation time for forms (e.g. cross, square, circle, etc.) 
and for coloured light patches. In areas of disturbed function the sensa- 
tion time increases. 

The second visual function containing a temporal factor is the local 
adaptation. If one applies a constant stimulus to a fixed area of the peri- 
pheral visual field the perception of this stimulus slowly fades and 
eventually ceases. This phenomenon, already known to Purkinje, is called 
local adaptation by Hering. It is valid for colours as well as for light, but 
the time required is different for the different colours and for light. There- 
fore, if one uses any coloured object, for instance one of the usual red 
targets for perimetry which generally are of a bright, somewhat yellowish 
red. the red colour quality disappears at first and the colour changes into 
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Fic. 1.—Poppelreuter’s apparatus for tachistoscopic examination of the peripheral 
visual field. 


yellow. Then the yellow colour disappears and the now colourless object 


stands bright against the dark ground, or vice-versa. Finally, the bright- 
ness fades away and the object disappears completely in the ground. 
These different changes can be checked only with difficulty. Therefore, for 
the examination of colour adaptation we use invariable colours on a grey 
ground of equal peripheral brightness." These colours fade without 
variation and the whole object disappears simultaneously in the ground. 
The time of exposition up to disappearance of the object can easily be 
checked. We call it “Verschwindezeit” (fading time). It depends on the 
object’s size and its position in the visual field. It is short in the periphery, 
increases towards the centre of the field, and in the central area objects 
above a certain size do not disappear at all. We generally use colour 
squares of 10 or 20 mm. on grey ground of double size. For the central 
area smaller objects of 1-5 mm. are used. The fading time for light is 
tested separately with a grey square on black ground. 

The examination is performed on the campimeter (fig. 2). The patient 
sits on a chair with the head fixed, one eye blindfolded, and the other 

!'The objects are made from “Invariable peripheriegleiche Farbpapiere nach 
Engelking.” Springer, Verlag Berlin, Géttingen, Heidelberg. 
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Fic, 2.—Examination of local adaptation. 


strictly fixed on the fixation point. A correct fixation is indispensable 
because a slight movement of the eye brings the object on other retinal 
areas and so spoils adaptation. Two equal objects are exposed on sym- 


metrical points of the field. In the beginning they are covered by two black 


discs mounted on a black stick. Then the discs are removed and the patient 


announces the disappearing of one or the other object by lifting the 
corresponding forefinger. Time is checked with two stop-watches. In 
pathological cases we find the fading time shorter than in normal ones. 

The temporal influence on colour perception for the central area can 
also be tested with the anomaloscope. In the beginning the patient may 
set a normal Rayleigh equation, but after shorter or longer contemplation 
he will accept increasingly different equations. With severe disorders the 
patient eventually accepts every equation, that is, he does no longer 
differentiate pure red or green from the yellow of sodium. This be- 
haviour corresponds with the so-called asthenopia for colours. 

These are the chief methods used in our examinations. But there are 
surely other methods suitable for measuring the dynamic factors in visual 
perception. One of them seems to be flicker perimetry as used by Bender 
and Teuber. They test the flicker fusion frequency in the different areas 
of the visual field. So far, we do not have the nec essary equipment for 
flicker perimetry. However, I have no doubt that it may be used as well as 
our methods. 

Applying these methods to patients with visual field defects one 
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regularly finds disorders of visual function far beyond the borders of the 
defect as revealed in perimetry; there even may be found disorders of 
function in cases without any field defect at all. These functional disorders 
reier to the spatial-temporal relations of perception. They equally appear 
in the tactile sphere. Such functional disorders were first described by 
Stein and v. Weizsiicker as ‘Funktionswandel.’ This term means that, on 
ils way to perception, the peripheral stimulus undergoes a transformation 
by active processes in the nervous system. However, in a certain contrast 
to the original ideas of Stein and v. Weizsiicker, it must be emphasized 
that the Funktionswandel is not per se a pathological phenomenon. On 
the contrary, it is an important part of the normal nervous activity with 
important biological tasks. The “Konstanz der Sehdinge” (constancy olf 
visual objects) is maintained by such transformations of the peripheral 
stimulus. It is a well-known fact that a heap of coal in full sunlight is 
of greater absolute brightness than a sheet of white paper in a dark room. 
Despite this objective relation the coal appears black and the paper white. 
This is an achievement of normal Funktionswandel. In_ pathological 
cases the degree and the stability of these spatial-temporal transformations 
are disturbed. The normal Funktionswandel becomes a pathological one 
with enlarged and instable transformations, disturbing the constancy of 
visual objects. It seems that these functions and the constancy of visual 
objects are the first to be disturbed by any disorder in the system. 

The described methods of examination and the taking into account 
of the dynamic processes underlying the Funktionswandel give a finer and 

as we think—a more accurate picture of the functioning of the visual 
system than the mere measuring of standard thresholds. 

Experience shows that the different functions correspond with each 
other to a high degree. If we find in an area a disturbance of local 
adaptation we equally find disturbances in the sensation time both for 
colours and for light. Thus fortunately for the patient—we need not 
employ all the different methods in every case, and it is sufficient to apply 
one or two of them. We have found the examination of local adaptation 
to be the most suitable and therefore we generally confine ourselves to it. 
This does not, however, imply that we consider local adaptation as more 
important than other aspects of the Funktionswandel. Even less do we 
inean to explain all disturbances of perception with impaired local adapta- 
tion. We prefer the examination of local adaptation merely for its practical 
handiness and because it is an indicator for all other functions. 

In local adaptation the fading time depends on the colour, the size of 
the cbject, and its distance from the fixation point. Fig. 3 gives the normal 
fading time for a red object of 20 mm. size and 1,150 mm. distance from 
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Fic. 3.—Normal fading time for red objects of 
listance (20/1,150). Abscissa: Distance from fixation 


Ordinate: Fading time in seconds 


Max . . Maximal values 
Min . Minimal values 


} 
\ I 40) pers 
f | 

N . . Mean values J 


the eve in the horizontal meridian. Of course, there is a certain rang¢ 
of variation for different persons which is shown by the maximum and 
minimum line. However. the general trend is uniform: namely, trom 
periphery towards centre a growing increase of fading time, increasing 
slowly at the periphery and more rapid towards the centre. In and around 
the fixation point the target does not disappear at all—at least during the 
period in which an exact fixation can be maintained. 

The curve N gives the mean rate of 40 persons. In the horizontal 
meridian there appears the blind spot in the temporal field. Fig. 4+ gives 
the normal fading time for 10 mm. blue objects. The diagrams indicate 
the varying functional level of the areas of the visual field, corresponding 
in its distribution with all other full light functions of the eye, for instance 
visual acuity, colour perception, etc. 

In areas of disturbed function the fading time is shortened. The 
difference between the normal and the pathological values indicates the 


extent of functional damage of the area. This is best shown by a case. 
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Fic. +—Normal fading time for blue objects of 10/1,150 mm. 
As most of the following cases it concerns a brain injured with an old 
bullet wound. 
Case 1.—-The patient had a complete left hemianopia with sparing of the macula, 


but extending into the right inferior quadrant (fig. 5). (The grey area is functionally 
inferior The right upper quadrant is scarcely impaired. As the central visual 





Fic. 5 (Case 1).—Perimetrical field of right eye. The circles correspond to a 


distance of 10 Field defect for white objects 10/330 mm., black. Field defect 
for white objects 5/330 mm., grey. Field borders for red objects 10/330 
mm Field borders for blue objects 10/330 mm. — - - — — (not 


tested in this case). 


acuity is 5/4, it might be assumed that the patient had full vision in the right 


upper quadrant, However, testing local adaptation along the horizontal meridian we 


find it impaired everywhere (fig. 6). 

The difference between the normal fading time and the fading time 
measured with the patient gives the amount of functional damage in each 
point of the visual field. We can express it in a curve—the damage curve. 
Beginning low in the right side of the field it rises slowly and then sharper 
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|).—Local adaptation for red 10/1,150 and 20/1,150 objects in the 
horizontal meridian. 
Normal curve, N 
101,150 mm. Fading time, P, 


Damage curve, S 
Normal curve, N, 
201,150 mm ; Fading time, P 


Damage curve, S 
4 2 


Difference between normal and pathological curve for 10 1,150 objects hatched 
for 20 1,150 objects grey 


towards the left and exceeds the normal curve at the point where the field 
defect begins. Further on, of course, it cannot be traced. 

A damage curve can be equally made by means of quantitative 
perimetry (fig. 7). This diagram in its lower part shows the field borders 
for red squares of 1-40 mm. On the border line the fading time for 
the object in question is zero. The amount of damage is given by 
comparison with the respective normal value. In the graphic presentation 
the damage curve cuts the normal curve of fading time in this point. In 
the upper graph the damage curve S_ is constructed from the findings ef 
quantitative perimetry (the curves ]—40 are the normal fading curves for 
the indicated sizes) S$, and S, are the damage curves of local adaptation 
from the preceding graph. The uniformity in the trend of the curves 
we have found to be the rule in all cases. 

If we check the damage curves for all meridians and put them together 
above the visual field we get a body of three dimensions representing 


normal function and damage. Fig. 8 shows a diagrammatic reconstruction 
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Fic. 7 (Case 1)—See text. 


of the body of normal function and of damage. Where the body of normal 
function rises above the body of damage there is residual function. When 
the body of damage surpasses the normal function, we find a defect of the 
visual field. In this particular case—in contrast to others—the damage 
reaches its maximum outside of the visual area, reaching the latter only 
with its slope. This is in agreement with the anatomical facts since the 
injury does not concern the occipital pole but the right parieto-occipital 
region. The two peaks of the “mount of damage” correspond with the 
two half-fields or striate areas respectively. We will come back to this 
point later on. 

After demonstrating our methods of examination I would like to give 


the findings in some cases of head injury. 


XUM 
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Fic. 8 (Case 1) Diagrammatic drawin f the damage 


Case 2 This case differs from all others tn s ar as it does not concern the 


intracerebral visual pathways (namely optic radiation or striate areas), but an 


solated lesion of the optic tract by a small shell fragment. According to well 


Known facts the patient a complete hemianopia with no sparing of the macula 


(fig. 9a) The diagrat i! adaptation (fig. 98) shows a complete iF one 


(Case 2) Perimetrical field. 


nalf-field and normal function of the other. A damage curve does not exist, This 


finding suits the traditional concepts, but it 1 nly found in lesions of the optic 


tract, generally not in injuries to higher visual pathways 
next patient with an injury to the right occipital region has a 


Case 3. The 
visual field differing from that of the preceding case only by an _ unessential 


peripheral contraction (fig. 104). Both patients having full 
However, the examination of local adaptation reveals 


visual acuity, their 
cases seem to be quite alike. 

a striking difference (fig. 108). While the first patient has full vision in his 
preserved half-field, this one is severely damaged in his residual field with a fading 
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Fic. 98 (Case 2).—Fading time (P) for red objects 20/1,150 mm. 





Fic. 104 (Case 3).—Perimetrical field. 








Fic. 108 (Case 3).—Fading time (P) and damage curve (S) for 10/1,150 blue. 
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time of less than 10 seconds even in the fixation point. The damage curve starts 
at the periphery and rises steeply towards the fixation point. In direct contrast 
te the field defect with its peripheral contraction the weight of the damage increases 
towards the centre of the field. As in the first case, the top of the damage 


body is situated outside the visual area which again is in correspondence with the 


site of the lesion at the right occiput 


ihe rule that in oc ipital hemianopias the macula is spared does not 
| 


hold good for this case. The following case, however, is in accordance 


with it. 


( 


aS¢ 


4.—With full visual acuity this patient has a right hemianopia with a 


macular sparing of 5 ig. Ila), Leeal adaptometry reveals normal function in 


Fic, lla (Case 4).—Perimetrical field. 


the ieft half-field but by no means in the area of the macular sparing where the 


fading time is considerably below the normal level (fig. 1 1B) 


a ae oe 
“1c. Llp (Case +)—Fading time (P) and damage curve (S) for 10/1,150 red. The 
dotted part of the damage curve is reconstructed diagrammatically (see text). 
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line damage curve rises to its maximum at 1° paramacular and cannot be traced 
further, running rather level excepting this central peak. Functionally, this means 
that the whole right half-field (or the left visual system) sustained a rather uniform 
Gamage. Seen anatomically, a missile penetrated the left hemisphere from the 
parietal bone near the middle-line to somewhat behind and below and lateral of 


the pineal body. The injury mediately reached the optic radiation in its rostral 
parts, its fibres there being close together and consequently liable to suffer a uniform 
damage The right optic radiation was not affected. This uniform damage 


destroyed the low function of the peripheral field, while the high functional level 


of the central parts caused the macular sparing despite the macular area being 


even more affected than the periphery. This condition we have found in all cases 
and believe it to be due to the Jacksonian law of desintegration according to the 
functional level. Therefore, we must probably complete this damage curve rising 


further till the fixation point (not falling down to the fixation point as indicated by 
the dotted line in the graph). 

This case shows that the macular sparing originates from the high 
functional level of the central parts and not from a bilateral anatomical 
connexion of the macula which definitely does not exist. Therefore, this 
macular sparing has always impaired function, never a normal one. 
Strictly speaking, we should call this state hemiamblyopia rather than 
hemianopia. This is in accordance with the fact—particularly stressed 
by Poppelreuter—that from most areas of seemingly complete loss of 
vision there can still be elicited some perception by using very strong 
stimuli. Only complete destruction of one striate area, or optic radiation. 
causes complete loss of function in the corresponding half-field without 
macular sparing, as has been pointed out lately by Huber in cases of 
lobectomy. 

In patients with defects of only one quadrant the other quadrant of the 
same half-field is seriously damaged—as we have seen in our first patient. 
However, we generally find in our patients with traumatic lesions that 
the other half-field is also impaired, though in a Jesser degree. There is 
no essential difference as compared with the cases of hemianopia already 
discussed. 

The next patient is one with a paracentral scotoma. These small 
scotomata were—and generally still are—considered a most striking 
proot for a minute cortical localization of retinal areas. 
nt 


Case 5.—In usual perimetry this patient had a smal] scotoma in the rig 


inferior quadrant, in the right eye extending to the blind spot (fig. 12a), Examining 
at the campimeter with grey 5 mm. squares we find a small paramacular scotoma 
with a peripheral contraction in the same quadrant (fig. 128). Between both there 
Was an area of preserved perception. With | mm. objects this intermediate area 
disappeared, leaving a hemianopia for the whole quadrant. In fig. 12c the lower 
part gives once more the campimeter findings for 5 mm, objects in the right eve. 
In the upper part we have the fading times for the meridian through the defect. 
With 20 mm. red objects we find about equal field defects as with 5 mm. grey. 


. 
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Fic. 12c (Case 5).—Above: Fading time for red objects of 10/1,150 (P,) and 
20/1,150 (P,), damage curve for 20/1,150 (S). Difference between normal and 
pathological 20/1,150-curve, grey. Below: Campimeter field for 5/1,150 grey. 


This case reveals another interesting point: regarding exclusively thé 


right inferior quadrant the paracentral scotoma is part of a ring scotoma, 
centrally and peripherally with preserved vision. Or, imagining a similar 
damage occurring to all four quadrants a ring scotoma would result—of 
course, only if tested under adequate conditions. Fig. 13 shows this in a 
diagram. S is the damage curve corresponding with that of our case./ 
Testing with an object of intensity I we find a normal field; using an 
object of intensity II we get a ring scotoma. With a still smaller object, 
Ill we have shaft vision with severe concentric contraction. This seems 
to be a simpler and more satisfactory explanation of the ring scotoma than 
the current, highly improbable theories. It implies that the finding of a 
ring scotoma depends on the use of appropriate objects. However, it 
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Fic. 13.—Influence of different objects on the field defect. Diagrammatical 
drawing. Above: Fading time. Below: Field borders with 3 different objects 


(I, I, Il). 
Black, Field defect ‘with object I (ring scotoma) 


Grey, Field defect with object HI (shaft vision). 


further implies a certain form of the damage curve, and this form appears 
in circumscribed lesions of the striate area at the occipital pole. Thus, 
the ring scotoma has significance for localization but in a sense quite 
different from former conceptions. 


This patient had—in full accordance with the clinical findings—a 


depression of thumb nail’s size at the inion caused by a bullet. The next 


case had a similar injury from a shell fragment. 


Case 6.—In perimetry, he had no field defect at all and full visual acuity 
(fig. 14a). At the campimeter there is a homonymous paracentral scotoma for 
culour objects of 10 mm. which does not appear with 20 mm. objects (fig. 148). 
But in local adaptometry the fading times for these 20 mm, objects are seriously 
impaired in the whole central area, particularly inside of 10°. Damage is greater 
in the right half-field than in the left. Considering the normal fading times for 
10 mm. objects it is evident that there must be a paracentral scotoma of the 
really existent type. In this case the macular area is particularly badly damaged 
and a deterioration of central colour perception—as indicated by the short fading 
time—is also found at the anomaloscope where this patient sets a normal Rayleigh 
equation, but after 5-10 seconds accepts every red/green mixture to the yellow of 


sodium, 
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Fic. 14a (Case 6).—Perimetrical field. 
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Fic. 14n (Case 6).—Above: Fading time for 20/1,150 red (P) and damage curve 
(S). Normal fading time for 10/1,150 red (N,,). Below: Campimeter field with 


scotoma (grey) for 10/1,150 red. 


The type of the damage is quite similar to that of the preceding case 
and needs therefore no special consideration. I would merely like to stress 
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the fact that despite normal visual acuity and normal visual fields the 
patient is severely impaired in his visual functions. 

Case 7.—The last patient of this group had the same kind of damage only to 
a much severer degree. He had a depressed fracture at the inion with an underlying 


cerebral wound. With full visual acuity he had a complete right hemianopia 
(fig. 15a). The left half-field was difficult to test because the borders of the 


Fic. 15a (Case 7).—Perimetrical field. 


residual field were changing incessantly and considerably. There was also a 
considerable contraction during longer examinations so that hardly any borders 
could be fixed. The residual field in the graph is a relatively large ‘one; generally 
it was smaller, and in general the small central field was not connected with the 
larger peripheral field so that there was again a ring scotoma. In fig. 15B we 
see the campimeter field for red 20 mm. objects and; the result of local adaptometry 
with the same objects. We notice the low functional level of the peripheral field 
which explains the inconstancy of its borders. The functional level of the small 
central field is higher but heavily impaired with respect to the high normal level 
of this area. The damage curve is diagrammatically reconstructed for the central part, 
Apart from its higher level which abolishes the vision in the whole right half-field 
the trend of the damage curve corresponds with those of the two preceding cases. 
This trend of the damage curve as well as the anatomical findings indicate a 
circumscribed lesion of the posterior part of the striate area despite the extensive 
defect of the visual field. 


In view of these findings we can draw some conclusions on the 
validity of visual examinations. The first conclusion is that usual perimetry, 
even in connexion with the central visual acuity, does not give a sufficient 
evaluation of the visual functions in cases of cerebral lesions. There always 
are involved wider areas of the visual field than indicated by the perimetric 
field defect. There even may exist extensive disturbances without field 
defect at all. Size, shape, even the type of the field defect depend largely 
on the stimulus employed for the examination and, therefore, are not 
significant for the extension and location of the cerebral lesion; thus the 
theory of strict retino-cortical correspondence has led to a w rong assump- 
tion., Even such contrary findings as a paramacular scotoma and a 


, 
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Fic. 158 (Case 7).—Above: Fading time (P) and damage curve (S) for 20/1,150 red. 
Below: Campimeter field for 20/1,150 red. 


peripheral contraction may appear in the same patient under different 
conditions. In opposition to such unreliable findings the examination 
methods pertaining to the Funktionswandel allow a more exact and 
constant evaluation of impairments of the visual functions and conse- 
quently a reliable localization within the visual system. 

Beside these more practical aspects there are some points of theoretical 


interest to be considered. The area of pathological Funktionswandel 


always exceeds the extents of field defects. This shows that the dynamic 


processes maintaining the constancy of visual objects under varying con- 
ditions are the first to suffer from cerebral lesions. They are on the 


highest level of sensory activity. 
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Regarding the damage curve we always notice a steady course. There 
is no sudden break but smooth transition between the area of preserved 
vision and the defect. When we examine this transition with objects 
reaching across the border of the defect, the object sometimes disappears 
gradually in direction from the defect to the preserved area. However, this 
does not happen in all cases. In other patients the whole object disappears 
sunultaneously. If in such cases we successi\ ely test overlapping areas ol 
ihe field we find fading times increasing with the distance from the defect. 
But in this trial, there are identical areas tested twice with different fading 
results in each check. These results indicate that perception of an object 
is produced by an integrative action of the whole area concerned—or better 
of the whole organ. This becomes even more evident in findings of tactile 
disorders. Here we generally find disturbances in the discrimination of two 
simultaneously applied stimuli. The threshold for discrimination is in the 
finger area sometimes raised from 2 mm. to 10 cm. and more. Examining 
such a patient we may touch the tips of, say, the second and fifth fingers 
and only one touch is perceived. The perceived touch is located in the tip 
of the third or fourth finger which had not been touched at all. In this 
sensation we have equally the product of integrative action, involving the 
sensory field as a whole. 

As the delimitation of physiological and psychological components of 
perceptions is arbitrary and in contrast to unbiased introspection, agnosia 
can only be defined per exclusionem. Namely, as an impairment in the 
recognition of perceptions without corresponding disorders of the elemen- 
tary sensory functions and without general mental disability. The 
restriction “corresponding” is necessary because, to my knowledge of the 


literature, there does not exist a single case of agnosia without elementary 
ra) 


sensory disorders and without mental deterioration. The pathological 


Funktionswandel implying an impairment of the so-called elementary 
sensory activity must, therefore, be considered in cases of agnosia. 
An example for this is the following case: 


Case 8.—The patic nt, a man aged 60, had an old, probably congenital, amblyopia 
of the right eve with a visual acuity of 1/25 so that he had never used this eve. 
In his left eve, however, he had never realized any troubles of vision and the 
disturbances to be described refer to this eve only. Clinical findings further 
indicated that the patient had a marked arteriosclerosis of the whole vascular 
system although he had not shown physical or mental arteriosclerotic symptoms 
prior to his present disease. 

One Sunday afternoon the patient, wanting to change his clothes after a short 
rest, could not find his articles of clothing lying on a table right before him. When 
he happened to get them into his hands he recognized and used them correctly. 
With his wife’s help he eventually managed to change his clothes and went out 
for a walk. On his walk he could see persons but did not recognize them, for 
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instance his daughter whom he happened to meet in the street. Again he was 
not blind. He had the impression of seeing quite clearly, only not recognizing 
persons and things. 

With these troubles he was admitted to our ward the following day. We 
found in the left eye-ground a marked arteriosclerosis of the retinal arteries. A 
minimal astigmatism needed a correction of 3/4 dioptres and, according to his age, 
the patient needed another 3 dioptres for reading. Otherwise the neurological 
and psychological findings were completely normal including eye movements and 
pupillary reactions in the left eye. 

The testing of visual acuity was difficult because the patient scarcely recognized 
any letters or numbers of Snellen’s test types. Of Loéhlein’s test types for children 
consisting of simple drawings of a star, watch, teacup, etc., of different sizes he also 
recognized only one or two objects. By repeated comparison he was able to find 
to several types of big size the corresponding types of small size and to trace 
the form of the types. From this behaviour the ophthalmologists concluded that he 
had a normal visual acuity of 5/4. 

Perimetry and campimetry revealed normal field borders for white objects. 
Physiological colours on grey ground of equal peripheral brightness he perceived 
within normal borders without being able to name the colours so that there seemed 
to be an optic aphasia for colours. No central or paracentral scotoma. The blind 
spot could be found without difficulty, and with constant borders. 

In contrast to these seemingly normal visual functions recognition of visual 
objects and pictures was heavily impaired. The patient failed to recognize small 
objects, of the bigger ones he made out only a wine bottle. He could not 
distinguish between a doctor and a lady doctor, but he knew a nurse by her bonnet. 

In view of these findings there seems to be no doubt that the patient suffered 
from a severe visual agnosia for objects. As far as I know of the literature, 
he is the only case of object agnosia with normal visual acuity and fields and 
Without mental deterioration. 

During the following three weeks the syndrome improved but little. While 
at first he could not see the clock of the ward at all, he did so after some days 
telling the time correctly. At about the same time he recognized the watch as one 
of the first objects of Léhlein’s test types, equally with correct time. He counted 
fingers correctly at 3 metres’ distance if shown against the window. Otherwise there 
were no changes in the agnosia. 

Examination of the patient between the fifteenth and twentieth day after the 
onset of the disorder had the following results for the left eye which in his case 
is solely of interest: 

At Snellen’s test types the patient could read some numbers at I, 4 and 7 
metres’ distance according to acuity of 1/5, 4/15 and 7/35, respectively. After 
perception of a few types, however, he failed to perceive any more. 

Perimetry in full daylight of 700 lux revealed normal borders for moved white 
objects. For stationary white objects there Was a peripheral contraction in the nasal, 
i.e. right upper quadrant, of less than 20°. Colour objects on grey ground of 
equal brightness, the objects contrasting with the ground only by their colours, were 
perceived with normal borders, while the colours were named only 5° peripheral 
after fifteen days, and 20° peripheral after twenty days. With reduced light of 
30 and 5 lux respectively the field was progressively contracted, while it was about 
constant in a normal control (fig. 16). 

The campimeter field was normal with the usual examination and, therefore, 
at 115 cm. distance the borders for white objects were outside the testing board, In 
continued examination, however, there appeared an increasing peripheral contraction 
in the right upper quadrant reaching eventually almost the fixation point, and thus 
there arose a hemianopia for the right upper quadrant. In the same way the right 
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Fic. 16 (Case 8).—Perimetrical field with reduced light intensity. Field defect 
with 30 lux, grey. Field defect with 5 lux, hatched. Field borders for perception 
(not naming!) of 10/330 red objects. 

200 lux — — — 
30 lux - ---- 








c 





Fic. 17 (Case 8).—Campimeter field after continued examination. 


inferior quadrant began to shrink and after an examination of two minutes there 
existed a complete right hemianopia with a macular sparing of 3° (fig. 17). Later 
om, the left half-field showed a less marked shrinkage, The area of the macular 
sparing meanwhile showed an excessive pathological Funktionswandel. 2° nasal 
from the fixation point the white object, in constant exposure, faded within 14 
seconds in the campimeter ground. In this examination the patient realized the 
fading of the fixation point itself 


In view of these findings it is evident that the seemingly normal visual 
functions underwent quick deterioration in all but optimal conditions. 


For further evaluation of the Funktionswandel we checked the peripheral 


visual acuity, with white doubled squares on black ground. Table I refers 


to the limits of distinct perception, Table IT gives the fading time of 
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TasLe I (Case 8)—Borpers or VisuaL Acuiry FoR THE HorizonTaL MERIDIAN, 
TEsTED witH DovusLe SQuARES IN 1-8 MM. DISTANCE 
Temporal Nasal 


crs 





Distance of squares mm. 8 4 fs 


Borders of distinct Without corr. 10 10 1] 
perception With corr. m 13° 11 
Tasie II (Case 8)—Locat ApaptaTion oF Visuat Acuity. Fusion or DovuBLE 
SQUARES IN |-8 mM, DISTANCE. 


5° temporal 5° nasal 


A 


Distance of squares mm. 8 4 2 ] 
Fading Without corr. 10 I! 8 9 
time in sec. r 
With corr. 16 16 12 ti 40 Ti 


distinct perception (meaning the time up to fusion of the 2 squares) at 5° 
nasal or temporal from the fixation point, and at the fixation point itself. 
The values of Table I are at the lower border of the normal range. 
The fusion times in Table II are far below normal and indicative of a 
severe pathological Funktionswandel in the whole field. This refers 
particularly to the central area where there should not be any fusion at all. 

Another interesting fact is shown by the tables. As mentioned before, 
the patient had a slight astigmatism of 3/4 dioptres. The lower rows of 
both tables give the values obtained with an adequate glass; the upper 
rows being the values without correction by a glass, which are a little 
worse than the first. However, deterioration by the error of refraction is 
more marked in the right and more damaged half-field than in the better 
preserved left half-field. Adaptation to varying, non-optimal conditions _ 
depends on the Funktionswandel: the more pathological the Funktions- 
wandel the greater the deterioration by any additional handicap. This 
enables an insight into the complexity of the problems involved. 

Colour perception was disturbed in so far as the patient could 
distinguish the unsaturated physiological colours from the grey ground 
of equal brightness within normal borders, recognizing the colours, 
however, only in the central area. The fading time for 20/1150 mm. blue 
squares was 43 seconds in the fixation point and 14 and 21 seconds 
respectively in the immediate neighbourhood of the fixation point. Normal 
values in this area exceed two minutes considerably. Outside the central 
area the fading time was too short to be checked. This asthenopia for 
colours even in the central area became equally evident at the anomalo- 
scope where the patient set a normal Rayleigh equation, but after longer 
inspection accepted a wider range of lithium-tallium-mixture. The patient 


generally recognized the colours of gaudy papers but they appeared to him 
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as being pale, and he made errors in distinguishing between dark green 
and blue, violet and brown, black and dark blue. All this shows that for 
the patient colour qualities were considerably reduced. 

his behaviour explains the steadiness of the damage curve from one 
point to the other, but not the steadiness of the whole curve. The under- 
lying anatomical lesion of the brain tissue is surely not of such a steady and 
regular form. So there is a discrepancy between the anatomical and the 
{functional disorder. Another discrepancy arises from the fact that in every 
case the functional loss as indicated by the damage curve has its maximum 
in the central area of the visual field. In injuries to the occipital pole 
this might be explained by exposure of the posterior part of the striate 
area to the trauma. But for parietal and parieto-occipital lesions—which 
may concern the optic radiation rather than the striate area—this explana- 
tion does not hold good. Also in these cases we find the central area to 
be most impaired. On the other hand, we never find a complete loss of 
central vision if there is preserved any peripheral vision. 

All these discrepancies can only be explained by the functional organ- 
ization of the visual system. 

The fact that the greatest functional loss is always suffered in the 
central area is another proof for the Jacksonian law that disintegration 
of cerebral functions begins—and is most severe—on the highest func- 
tional level. The highest functional level in the visual field exists in its 
central parts corresponding with the fovea. The functional level of the 
fovea is so high above the functional level of the retinal periphery that the 
residual function of the central area—despite its greater damage—is still 
superior to the peripheral parts and consequently better preserved in 
perimetry. The seeming contradiction that the best preserved area is the 
most damaged is explained by the high functional superiority of the fovea 
over the periphery which is characteristic of the visual organ. In the 
tactile sphere there is also a functional superiority of the—if I may say 
so—"“foveal” area, namely hand and fingers, over the proximal parts of the 
limbs and body; but it is not so marked. As hand and fingers—reversely— 
sustain the greatest damage by cerebral lesions they retain the least 
residual sensibility. Translated into the visual sphere one could say that 
in the tactile sphere central scotomata prevail. 

The dis¢ repancy between the steadiness of the damage curve and the 
unsteadiness of the underlying anatomical destruction is incompatible 
with the theory of a rigid and distinct point-to-point projection of retinal 
elements on the striate area—as put forth particularly by Wilbrand and 
Henschen and as accepted widely. 

In opposition to this theory we must assume that one retinal element is 
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represented in a greater cortical area. Its representation, however, is not 
equal in the whole area, being more intense in the centre it decreases 
towards its edge. The single areas for the single retinal elements are over- 
lapping widely with smooth transitions. In the same way every cortical 
unit of the striate area corresponds with a greater area of the retina and 
consequently also of the visual field. In the tactile sphere we find the 
same conditions, and there is still another accordance between tactile 
and visual sphere. From the tactile system we know that the cortical 
representation of the different skin areas is different according to their 
functional levels. The highest organized areas of mouth, hand and foot 
are represented in larger cortical areas than the less differentiated proximal 
parts of the limbs and the body. The same is true for the visual organ. 
The cortical representation of the fovea is generally supposed to be in the 
posterior part of the striate area near the occipital pole, while the more 
peripheral parts are represented more orally. ‘This correlates very well 
with our own findings. In opposition to these current conceptions v. 
Monakow had the opinion that the fovea is represented in the whole striate | 
area, and this is equally true. We hold that the fovea, being the function- 
ally exceeding part of the retina, is represented in the whole of the striate 
area. However, it is not equally represented but with preference—and 
probably isolated from the peripheral field—near the occipital pole. The 
anterior parts of the striate area contain a weaker representation of the 
fovea together with the representation of the periphery. This would give 
the anatomical background for the fact that central vision is always 
impaired but never completely abolished before the peripheral vision. 
There remains something to say about the influence of Funktions- 
wandel on visual perception. The normal Funktionswandel is necessary 
for the constancy of visual objects and consequently for the biological use 
of the eye. The pathological Funktionswandel found in our investigations 
impairs the normal sensory activity and the formation of normal sensory 
perceptions. The disturbance of sensory functions as tested with local 
adaptometry is not confined to local adaptation but bearing on every 
sensory activity. It means a deterioration of the functional level which 
brings the highly organized foveal area on the inferior level of the retinal 
periphery and eliminates the periphery from sensory activity. The 
disturbance spoils particularly the adaptability to varying conditions 
which is necessary for the biological use of the organ. Under optimal 
conditions the functional state of the organ may be sufficient to allow 
adequate perceptions. As the traditional visual examinations are per- 
formed with optimal conditions the Funktionswandel is disregarded and, 


generally, insufficient evaluation of the disorders is the outcome. In 
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everyday use the eye has not the visual acuity as stated in the examination 
and it cannot rely on the visual field found preserved in perimetry. The 
part of the visual field which we have found as being reliable for the 
formation of perceptions we call the effective field in contrast to the 
perimetric field which is generally larger. But as visual acuity and 
perimetrical field do not constantly correlate with the intensity and 
distribution of the pathological Funktionswandel the latter must be 
evaluated with proper methods. Then one may find—independent of 
optimal visual acuity and field borders—in one case a_ particular 
deterioration of the foveal function thus being lowered on the peripheral 
level; this state may be compared with amblyopia. In another case the 
Funktionswandel particularly concerns the peripheral areas and practically 
eliminates them from vision; this means shaft vision, however, without 
adequate perimetrical field defect. Or, the centre of damage may lie in 
the paramacular area abolishing its function after every short sensory 
activity: this leads to what we call “Gestaltzerfall” (Gestalt-dissolution), a 
phenomenon which will further occupy us. 

It is evident that these different conditions impair visual perception 
in a considerable though varying manner. This we must bear in mind in 
considering the so-called visual agnosia. 

According to classical brain pathology with its differentiation between 
physiological and psychological processes in perception, the Funktions- 
wandel and its disturbances would pertain to the field of physiology. 
Hence, we still have to consider the psychological processes, which are 
said to integrate the elementary sensations into perceptions. Disturbances 
of these processes are called agnosia. 

The concept of visual agnosia was first introduced by Munk to explain 


his experimental findings in animals. He described the mind-blindness 


or, in modern terms, the visual agnosia for objects. This is a state of 
inability to recognize common objects despite unimpaired vision. Later 
on, the visual agnosia was divided and subdivided into an increasing 
number of partial agnosias. Wolpert introduced the simultan-agnosie, 
a state in which the patient recognizes every single object but cannot 
conceive the meaning of a complex situation. A/exia is an inability to 
recognize letters. Bodamer has lately described a disability in perceiving 
physiognomies and in recognizing a person by vision. He called this 
state prosop-agnosie. In case of Gestalt-zerfall (Gestalt-dissolution) a good- 
sized object seen as a whole at first, after a longer or shorter period of 
inspection is scattered into its single components. Eventually, there are 
the visual-spatial agnosias referring to disturbances in spatial orientation 


é 


and understanding of spatial relations. 
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Sensation time was tested by tachistoscopic exposition at the apparatus 
of Poppelreuter. Colour perception was tested with circles of coloured 
light 2 cm. in diameter. At the fixation point and in the left half-field 
up to 10° distance from the fixation point, the patient needed in the first 
tests 1/25 sec. (normally 1/100 sec.). In the right half-field he needed 
1/5-1/2 sec. After continued examination of five minutes the time needed 
increased to more than | sec. in the whole field. 

Form perception was tested with luminous figures such as cross, square, 
etc. Here the values varied considerably, variations evidently depending 
on the preceding strain of the organ. Table III gives the optimal values 
for this test. 


Taste III (Case 8.)\—Optimat SENSATION TIME FOR LUMINOUS 
FIGURES IN THE HorizonraL MERIDIAN 
Temporal Nasal 


20 10° i 0° a 10° 20° 
1/5 sec. 1/10 sec. 1/50 sec. 1/50 sec. 1/10 sec. (*) (7) 
(1) Indefinite light perception with permanent exposure. No form perception. 

(2) No perception with permanent exposure. 


For better appraisal of the disturbances in the so-called higher visual 
functions we tested the perception of objects at the tachistoscope. Among 
other objects we exposed a dark brown leather purse with a square, shining 
lock at a distance of | m. With exposure time of 1/100 sec. the patient 
correctly perceived the outer contours of the purse. With 1/50 sec. he 
additionally perceived the contours of the bright lock, but was not able 
to bring the two parts into right correlation of size and position. So far, 
the patient showed only moderate impairment compared with the normal. 
Increasing the exposure time, however, the patient—in contrast to the 
normal—showed no improvement of perception. Even with permanent 
exposition of the purse in | metre’s distance he still had the basic 
perception of a “small bright square in, or below, or in front of a 
larger dark one.” This insufficient basic perception he misinterpreted 
as “black card-board with some drawing in the lower part,” or “a sugar 
bowl,” or “an alarm clock.” At 20 cm. distance he did recognize the 
purse, only then perceiving the grain of the leather and the particulars of 
the lock which were the critical details for recognition of the purse. 

This example demonstrates the patient’s troubles in recognizing objects 
and in his visual performances in general. He did fairly well with rough 
contours and great contrasts, but was severely impaired in the perception 
of subtle patterns and fine shades of tint which are essential for the 
identification of most objects. I will not dwell longer on this point which 
comes out also in the patient’s own observations: He could perceive the 
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contours of objects—hence his own statement that he “could see every- 


thing’—but he could not perceive details and therefore could not 
recognize objects. For instance, according to his own statement, he could 
see the windows of houses very well—but he really saw only dark patches 
in the walls and knew them to be windows. The patient recognized many 
objects at short distance which he was unable to recognize in a distance 
of | metre. This behaviour is incompatible with the classical concept of 
‘ agnosia. Illumination, background, dazzling and similar factors in the 
pattern of stimuli were of great influence on the patient’s recognition. 
There is still to be considered the seeming contradiction between the 
patient's severe prosop-agnosia and his better achievements in the percep- 
tion of Snellen’s types, in time reading and counting of fingers. This 
seeming contradiction is based on the discrepancy between the fairly 


o 


good recognition of sharp contrasts and rough contours and his inability 
to perceive finer shades and smooth transitions. 

The patient’s prosop-agnosia, his imperception of physiognomies, was 
very marked and outlasted all other disturbances. This is due to the fact 
that the individual features of the human face are composed of fine shades 
and weakly contrasting details which were imperceptible for the patient. 
On the other hand, the broadly illuminated black Snellen types on white 
ground, the hands of the clock, and the fingers against the window, were 
easily recognized by the patient on account of their sharp contrasts. More- 
over, for the reading of time was sufficient the direction of clock hands, and 
for the counting of fingers their number, requiring no fine details. This 
explains the good achievements of the patient in these two performances. 

In the further course of the patient’s disease there was a steady and 
quick recovery. During recovery strict correlation could be observed 
between so-called higher gnostic performances and the physiological 
functions as indicated by the Funktionswandel. I cannot go into these 
details, but a good example is the patient’s reading. After the onset of 
the disorder the patient could not read at all, he could read only in the 
later stages of recovery but tired very quickly. At first he could read a 
few words, later on some lines, and still later increasingly longer passages 
rather fluently till the letters became blurred and soon after that he could 
no longer distinguish any letters at all. 

After two months the agnosia had almost completely disappeared. 
Only for very small objects close inspection was necessary for recognition, 
and the imperception of physiognomies persisted. In perimetry there 
was now a slight contraction for colours in the right upper quadrant 
(fig. 18) while at the campimeter there had developed a ring scotoma in 
the same area (fig. 19). Otherwise normal visual functions. 
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Fic. 18 (Case 8).—Perimetrical field after two months. 
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Fic. 19 (Case 8).—Campimeter field after two months. 


Supposing we confine ourselves to the classical tests of visual function 
this patient would be one of the purest cases of object agnosia ever 
described. Taking into account the dynamic processes of the Funktions- 
wandel, however, we find a heavy impairment of the sensory activity 
which fully explains the gnostic disturbances. That means that there 
is no need for any specific disorders of gnosis on the psychological level 
in the classical sense of agnosia. 

In the literature there are only two cases of agnosia in which the 
Funktionswandel is considered. The first is a case described by Stein 
and Birger-Prinz who found the agnostic disorders in full accordance 
with the pathological Funktionswandel. The second is a case, lately 
described by Best, with a complete left hemianopia without macular spar- 
ing with seemingly normal right half-field, and with central visual acuity of 
1/4. At closer observation, however, the residual right half-field had such 
inferior residual function that its peripheral part was worthless for regular 
perceptive activity. Only 2-3° extending from the fixation point to the 
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right there was a tolerably well-preserved area, but even this effective 
field had by no means normal function. I cannot agree with Best that 
the patient’s object agnosia needs further explanation in addition to the 
disorders of the Funktionswandel which the author checked so minutely. 

In all other cases of object agnosia described in the literature the 
extent of the pathological Funktionswandel can only be guessed. In all 
cases, however, more or less large defects of the visual field are described, 
generally in both half-fields, and an impaired central acuity of 1/5 or 
less. Undoubtedly the residual fields were far from normal function, and all 
patients had a more or less marked mental deterioration. In an endeavour 
to analyse the dementia into its components and elements, the role of 
the general mental state was underestimated in the classical concept of 
agnosia. Reversely, for the theory’s sake, every author was anxious to 
minimize the mental deterioration of his agnostic case. v. Stauffenberg, 
for instance, in his famous case of a mind-blind arteriosclerotic described 
the patient’s intelligence as “at least sufficient.” But when the same 
patient—two pages later—“sometimes surprises the author by quite normal 
mental reactions” the surprise is on the reader's side as well. Beyond 
doubt the patient’s psychic state is of importance for the psychic activity 
of perception. The importance of the general mental state is not confined 
to the intelligence. Such factors as attention, concentration, diversion, 
psychic tempo, general imagination, and many others influence the 
achievement of perception. However, they all distinguish themselves 
from the several gnostic activities of the classical concept by the fact 
that they are general mental functions and not confined to a certain 
sensory sphere. These general mental factors are the more important the 
less a perception is defined by sensory conditions. In normals this is 
the case with picture-puzzles as well as with the twilight vision. In our 
cases it is true for every perception. Sensory defect and mental deteriora- 
tion increase and multiply each other. 

Considering these facts for the evaluation of the literature on visual 
agnosia we find that there is no need to search for any mystical gnostic 
activity to be disturbed. The mind-blindness, or visual agnosia for objects, 
is due to an impaired primary visual system combined in most cases with 
general mental deterioration. The pathological Funktionswandel in such 
cases concerns in particular the central area which is indispensable for 
the recognition of objects. Pathological Funktionswandel reduces the 
central visual area from its high functional level to the low level of the 
peripheral field which is generally not sufficient for the recognition of 
objects. Impairment of visual functions and mental deterioration can 
substitute each other to a certain degree. 
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To a certain extent we can reproduce the object agnosia experimentally 
by tachistoscopic exposure or by vision in the peripheral visual field. 
The severest obstacles for the agnostic patient, however, are the instability 
and the incessant changes in the visual functions. They influence percep- 
tion in about the same way as vision through a pane of glass would 
be influenced by water of changing colour and progressively darkening, 
running down that pane of glass. 

The so-called mind-blindness being the base for the classical concept 
of visual agnosia we see no reason for retaining any other type of visual 
agnosia which was originally derived from mind-blindness. Nevertheless 
we will just survey these various special types: 

Here is the simultan-agnosie introduced by Wolpert: The 
patients are unable to gather the meaning of pictures with —T 
situations and scenes, whereas they recognize the single parts and, i 
particular, the different persons in the pictures. To evaluate this syn- 
drome I wish to draw attention to two facts: The traditional tests 
for simultan-agnosie are the well-known pictures of the Binet-Simon 
battery, and this is an intelligence test. Further, Lange, in the Manual 
of Neurology, quotes one of Head’s patients for his very instructive 
description of his difficulties. This patient stated: “I can see the bits, 
but I cannot see any relation between the bits; I could not get the 
general idea.” and “I have to reason out the meaning of the whole 
picture.” This is indeed an excellent description of a simultan-agnostic 
disorder: unfortunately, however, this patient did not suffer from agnosia 
but was a case of Head’s semantic aphasia. So we have just two essential 
causes which may impair the comprehension of complex situations, 
namely, feeblemindedness which is liable to reduce sensible relations to 
simple “and-connexions,” and aphasia which may act in the same manner. 
Consequently, the simultan-agnosie is far from being a uniform disorder 
and often is not even a visual disorder. 

The visual conditions of simultan-agnosie are based on the appercep- 
tion of some, but not all, essentials of a picture. For instance in the 
sinet-picture representing “blind-man’s buff” the patients recognize the 
different persons but not the blindfold which is the critical detail for 
the comprehension of the whole picture. This failure generally occurs 
during recovery from a disturbance of severer degree as, for instance, 
complete blindness or object agnosia. Also our patient passed through a 
state of Simultan-Agnosie during his recovery. The specific visual cause 
of this syndrome, however, is shaft vision barring the patient from a 
sufficient survey over the whole. It is the effective visual field which is 
decisive, not the field found in perimetry which may be considerably 
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larger. The pathological Funktionswandel in such cases is most severe 
in the peripheral parts of the field, thus producing the peripheral con- 
traction. This kind of disorder is easy to reproduce experimentally by 
viewing the picture through a diaphragm. ‘There is no specific gnostic 
function involved in this disorder. 

Now tor Gestalt-zerfall (Gestalt-dissolution). The patient is looking at 
a good-sized object, say the picture of a motor car which was used 
in a case of Scheller and Seidemann. The patient recognizes the object 
at once, but after a short period of inspection, the whole of the picture 
is scattered into fragments, the patient seeing once at a time only a 
wheel, the radiator or the window and no longer the whole of the 
car. This phenomenon has been explained by contraction of the visual 
attention, another visuo-psychic activity which has never been verified. 
The syndrome arises, however, from a certain type of distribution o! 
pathologically increased local adaptation in the paracentral area. In the 
beginning of inspection—or if local adaptation is spoiled by tachistoscopic 
exposition—the functional level of the paracentral area is sufficient to 
allow fairly normal perception of the whole picture. In continued inspec- 
tion, however, the increased local adaptation of the paracentral area 
abolishes its function and thus produces a state of extreme shaft vision. 

A very specific partial agnosia is the alexia. Here the disorders 
are confined to the appreciation of letters and numbers. Alexia, however. 
is a frequent concomitant of aphasic disorders, and we cannot treat the 
problem of alexia without considering aphasia. The cases of alexia 
which are of purely visual origin are by far in minority. Our agnostic 
patient, being able to find identical Snellen types of different sizes without 
recognizing them, seemed to have an alexia. This. however, was due to 
impairment of his visual acuity. He did not see the types clear-cut but 
blurred and with incessant slight changes in shape. So he really did 
not identify equal types but compared the similarities of vague figures 
this is quite another thing. In another case of alexia, Beringer and Stein 
equally could trace ba¢ k the difficulties in reading to the pathologic al 
Funktionswandel in the visuai system. Another patient who was sent 
us with the diagnosis of alexia had so small an effective visual field and 
such a reduced visual acuity that the bigger Snellen types were too large 
for his residual field and for the smaller ones his visual acuity was 
not sufficient. He could only identify a few of the larger types by tracing 
them with eye movements. However, most cases of alexia originate 
from aphasic disorders with or without visual disturbances. 
Quite a modern partial agnosia—at least in the German literature— 


is the prosop-agnosia which was described by Bodamer several years ago 
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This means imperception of the individual features of a physiognomy. 
The patients may be able to see every detail of the face, but are unable 
to differentiate human faces and to recognize persons by their physio- 
gnomies. Our agnostic patient had a severe disturbance of this kind 
which outlasted all other symptoms. It was due to his inability to 
perceive fine shades and soft forms which are the essential constituents 
of human features. In most cases, however, prosop-agnosia is due to 
other factors. The physiognomy is a distinguished Gestalt-phenomenon 
which can only arise from the perception of the whole, i.e. if the whole 
face is seen simultaneously. With severe contraction of the visual field 
spoiling the simultaneous survey of the face the patient may successively 
see every detail of the features—eyes, mouth, wrinkles, etc.—but he will 
never get the Gestalt of the physiognomy. We find this phenomenon in 
every case of high-grade field contraction, for instance in patients with 
glaucoma. In another patient without cerebral lesion it was due to 
retinitis sclopedaria, a severe traumatic lesion of the retina. This can 
be reproduced by experiment if one covers a normal-sized picture of a face 
with a sheet of paper and inspects the face through a hole in the sheet 
of one or two centimetres which may be shifted at pleasure. In many 
instances it is even impossible to tell the sex of the person. We found 
out that prosop-agnosia appears when the residual field is less than about 
5°. It is, of course, the effective field which is essential. One of our 
patients with glaucoma (Case 9) had a perimetrical field extending to 


40° in some parts and nowhere less than 15° (fig. 20a). The diagram 





Fic. 20a (Case 9).—Perimetrical field. 


of visual function, however, indicated that the effective field was restricted 
to the central area and this explains the patient’s prosop-agnosia (fig. 20s). 
The border of 5° for the arising of prosop-agnosia is, of course, approxi- 
mative. The general mental state may compensate or intensify the 


sensory defect to a certain extent. 





EBERHARD BAY 


 Goib 20/030 —P— 
Mittelnorm: —N— 






180% o° 





 nasat “fémporal 





Fic, 20B (Case 9.—Fading time (P) for 20/1,150 yellow objects. 


The last problem to be considered is the so-called visual-spatial agnosia, 
the disturbances of spatial orientation. This is a highly complex perform- 
ance reaching far beyond the visual sphere. We must confine ourselves 
to the visual aspects of the disorder and cannot give a full evaluation of 
the whole problem. The complex nature of spatial orientation can easily 
be demonstrated by pointing out its disorders in cases of mental diseases 
and in states of clouded consciousness. It is impossible to unify all 
these disorders and to integrate them into a partial visual agnosia. To 
bring a certain order into the complexity of the problem it is indispensable 
to differentiate between several types of spatial orientation and between 
different aspects of space. 

he first of these aspects I would call the actual space. It is formed 
by our momentary environment in which we have to act and to move. 
With a disorientation in this actual space the patient does not find his 
way in the house or in the street; he does not recognize previously seen 
places, etc. The other aspect of the space one might call the abstract 
space. In this abstract space are embedded our concepts of geographical 
positions, the ground plan of a building and other spatial relations. 
The actual and the abstract space and their respective disorders are by 
no means identical. A patient may well find his way through his house 
or his town but be unable to draw a map of either, or vice versa. 
It is not necessary, however, to say that both may be disturbed together. 

Disturbances of the abstract space, as they have been described in this 
country by Zangwill and others, never appear as isolated defects but are 
always part of a complex disorder of behaviour. We agree with Weisen- 
burg and McBride that such complex disorders of behaviour should not 
be named agnosia at all. They have little or nothing to do with visual 
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functions. We rather confirm the statement by Heécaen that they are 
associated with vestibular disorders. 

Disturbances of the actual space may equally be of a complex nature. 
They, however, may be of visual origin as well, and this visual origin we 
have to consider more closely. 

In the visual sphere the spatial orientation requires salient points as 
landmarks for the organization of space. Such landmarks may be the 
furniture of a room, characteristic essentials in the street, or conspicuous 
feature of the landscape. In the unstructurated and monotonous space of 
the desert and of the high sea the stars are our last resort. 

In environments strange to us we have to search for the landmarks. 
In familiar surroundings the orientation occurs incidentally without active 


attention. In both cases, however, the periphery of the visual field is ; 


indispensable for the finding of the landmarks. For this reason, concen- 
tric field contractions of higher degree are inevitably combined with 
disorders of orientation in the actual space. This is true for cerebral 
lesions as well as for patients with glaucoma. The minimal field required 
for spatial orientation seems to be of about the same order as that required 
for the recognition of physiognomies. Therefore, we have often found 
spatial agnosia and prosop-agnosia combined—in our own cases as well as 


in the literature. 


The special influence of peripheral vision on._spatial orientation depends, 


on many conditions. The general mental state plays even a greater réle 
in spatial orientation than in the recognition of faces. In very familiar 
surroundings we need but a minimum of visual control or even no control 
at all as is demonstrated by the orientation of the blind. Furthermore, 
the premorbid knowledge of spatial relations does not suffer from an 
impairment of vision. It is, however, impossible to build up a spatial 
concept of new surroundings with such a defect of vision. It is character- 
istic for this type of disorder that the patient’s stock of old spatial concepts 
(for instance of their premises) is undisturbed, whereas they have no 
adequate spatial concept of places they get acquainted with after the onset 
of the disorder (as generally the hospital). This fact must be considered to 
avoid wrong conclusions about the patient’s spatial concepts. But a correct 
and reliable knowledge of spatial relations, is essential for the compensa- 
tion of a defect of vision. 

The contraction of the peripheral field to shaft vision is the visual 
factor in the disorders of spatial orientation. It covers only one part 
of the disturbed orientation in the actual space, and by far not the whole 
field ranging under the heading of visual-spatial agnosia. This visual- 
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spatial agnosia, however, is still less a uniform disorder than the other 
partial agnosias of the classical concept. 

As general conclusion of our findings I have the impression that the 
concept of agnosia in the classical sense is not based on exact and reliable 
observation. There is neither a specific gnostic function nor a specific 
disorder of this function. Such apparently gnostic activities and disorders 
as completion’ phenomena, hemianopic inattention, Gestalt-dissolution 
and so on, are due to disorders of the so-called primary sensory functions 
or to general psychological qualities which are not confined to a certain 
sensory sphere but necessary for sensory perceptions independent of the 
sense organ and of the import of the perception. 

Every perception is a highly complex achievement which depends on 
manifold dynamic processes in the nervous system. Each of these dynamic 
processes may be disturbed and cause impaired perception. The statemeut 
of such or such an agnosia is not more of an exact diagnosis and satisfac- 
tory explanation than the statement of a jaundice. Only by thorough analy- 
sis of the syndrome and by an adequate examination of each single 
dynamic process involved may we expect to come to a better understanding 
of the disturbed functions and to a deeper insight into the organization 


and the activity of the nervous system. 
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THE CEREBRAL LIPIDS IN DISSEMINATED SCLEROSIS AND 
IN AMAUROTIC FAMILY IDIOCY 
BY 
J. N. CUMINGS 
From the Clinical Pathological Laboratory and the Department of Biochemical 
Research, Institute of Neurology, The National Hospital, Queen Square, 
London, W.C.1) 


Very shortly after Johnson et al. (1948a) had described their methods 
of examination for cerebral lipids and prior to their paper giving more 
details on human brain (1949a), and to the more detailed observations of 
Brante (1949), an opportunity arose to examine the brains from 3 cases 
 amaurotic family idiocy in young children. The distribution of lipids 
in nerves following Wallerian degeneration has since been studied by 
Johnson et al. (1948b, 1949b). Thannhauser et al. (1939 a and b) have 
estimated the lipids in blood and human organs, and Thannhauser (1950) 
quotes examples of the analysis of the brain sent to him from a case of 
lay Sachs’ disease. Earlier Klenk (1939-40) had estimated cerebroside, 
sphingomyelin, cholesterol and a substance “ X” in cases of Niemann- 
Picks disease and in 7 cases of Tay Sachs’ disease in children, finding 
increased sphingomyelin only in the former and increase of substance 
‘X” only in the latter. Later Klenk and Langerbeins (1941) found that 
substance “ X” or ganglioside contained neuraminic acid. 

The study reported here describes particularly the lipid distribution in 
5 cases of amaurotic family idiocy including 2 adult cases, one of a man 
aged 28 years and the other of a woman aged 23 years, together with 
the results in 2 cases of typical disseminated sclerosis, and 1 case of a 
diffuse sclerosis of the sudanophilic type. 

Material.—Brains from 3 normal adults, one brain of a 6 to 7 months foetus, and 


brains from | case of Gaucher’s disease, 1 of Huntington’s chorea, 5 of amaurotic 
family idiocy, 2 of disseminated sclerosis and | of diffuse sclerosis were all studied. 


Liver, spleen and kidney were examined from 1 normal adult and from 3 cases 
of amaurotic family idiocy. 

As brains from some of these diseases were examined after two weeks fixation 
in formalin, half of each of the normal brains was also fixed for two weeks, and 
these were then examined in a manner identical with the technique adopted for 


the fresh brains. 


















J. N. CUMINGS 
Method. Water content.—Small portions of each organ and from various areas 
of the brain were weighed and dried at 90° C. to constant weight. 


Extraction of lipid—The methods employed by Johnson et al. were used 
throughout making use of the same modifications of the Bloor technique (1929) 
as they had used. Both fresh and formalin fixed: brain were treated in an identical 
manner, as it was found that fixed brain could be ground up as satisfactorily as 
could the fresh organ. Liver, spleen and kidney were all examined fresh, as the 
results on these organs when fixed were unsatisfactory, 


Estimations.—Total phospholipins were estimated in a manner similar to that 
used by Johnson et al, estimating the P content by the method of Fiske and Sub- 
barow (1925). Monoaminophospholipins were estimated after an eighteen-hour 
hydrolysis with KOH. The usual calculations were made to transform P content 
to phospholipin content. The amount of sphingomyelin present was obtained by 
subtracting the monoaminophospholipin from the total phospholipin. 

Lecithin was estimated as choline by the method of Glick (1944) but using a 
final acetone volume of 2 ml. and a filter of 520 mu. in a Hilger spectrophotometer, 
followed by applying the usual factor of 5-56. The kephalin content was obtained 
by subtracting the lecithin value from that of the monoaminophospholipin. 

Total and free cholesterol were estimated by the method of Sperry and Webb 
(1950) reading the colours at 590 mu. 

Cerebrosides were estimated after liberation of the hexose by the method of 
Brand and Sperry (1941), but utilizing the ceric sulphate titration technique of Miller 
and Van Slyke (1936). Eriogreen was used as indicator, Calculations were based on 
the assumption that the hexose was galactose. 

Neuraminic acid was estimated by the method of Klenk and Langerbeins (1941) 
utilizing the orcin reaction and following their method of extraction, Formalin fixed 
material was always washed in running tap-water for several hours prior to drying 
and extracting, as recommended by these workers, 

Using the extraction and preparation of material as described by Edman and 
Aqvist (1945) attempts were made by means of chromatography to determine the 
relative quantities of ethanolamine in various portions of the brains. An attempt 
to estimate the actual amounts using an apparatus identical to that devised by 
these same workers was also made, but their technique could not be repeated with 
reliable results. 

Duplicate estimations were made throughout and there was close agreement in 
every case, and all were within the limits of error as given by Brante. The average 
of the duplicates is given in the tables. 


RESULTS 

Normal material.—It was deemed necessary to show that the above 
procedures would, in my hands, reproduce the results obtained by Johnson 
et al. both in fresh and fixed brain. Usually two weeks formalin fixation is 
employed by the histologist prior to cutting and macroscopical examina- 
tion, and hence this period of time was chosen for fixation of each half of 
the three normal brains. Only one example of the results of such estima- 
tions is given in Tables I and II, for the examinations of all three brains 
vielded similar results, and there are already available the results of the 


other workers mentioned previously. 
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The figures for the brain show that there is general agreement with 
both Johnson e¢ al. and Brante as far as cerebral cortex and white matter 
are concerned, but other figures are not available for adult basal ganglia 
and cerebellar white matter, for Brante only gave one result in the basal 
ganglia of a child of 12, and one result in the cerebellar cortex in a man 
of 55. Johnson e/ al. found rather more total phospholipin and mono- 
aminophospholipin and kephalin, and rather less cholesterol and cere- 
broside than was found in these experiments. Cholesterol esters have been 
completely or almost completely absent in the normal in all examinations 
previously reported, and this has now been found to apply to some other 
areas of the adult brain and also to the white matter of the foetus. 

However, the use of fresh as compared with fixed cerebral material 
shows a somewhat greater yield of all substances, although the increase is 
relatively small. This is not unexpected as the length of fixation of the 
tissue was short. 

The figures obtained from the foetal brain show rather lower levels of 
all substances, with the exception of cholesterol, than were found by Brante 
for a foetus of similar age. The findings are compatible with the lack 
of myelination in the cerebral white matter at this age. Johnson et al. 
examined infant brains, but these were mostly full-term and accordingly 
his figures are higher and are not absolutely comparable. 

Pathological material. Gaucher’s disease-—Table II] shows the results 
found in one case in which only the brain was available for examination, 
and some changes from the normal are noticeable in all areas examined. 
Phospholipins are reduced, and this is especially noticeable in the loss of 
kephalin, cerebroside is also reduced in amount, but all these changes are 
probably to be accounted for by the fact that this brain has been kept in 
formalin for some months and, as Brante has shown, there is a considerable 
loss of all the substances for which he made examination after one month 
in formalin. 

Huntington’s chorea—The lipid estimations in the brain of one 
example of this disorder are also given in Table III. Normal results were 
obtained in the cerebral cortex and white matter, but there was a decrease 
of all the phospholipins and of cholesterol and cerebroside in the basal 
ganglia. There is also less water present, and these findings suggest that 
there may be loss of nerve cells and myelin with some gliosis. Histological 
examination of the brain later confirmed these findings, namely, no nerve 
cell changes in the cerebral cortex, but widespread nerve loss and gliosis 
in the caudate and lentiform nuclei. 

Amaurotic family idiocy.—Tables IV and V give the results found in 


this disorder. Considering the cerebral white matter first it is seen that all 
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cases show a loss of all phospholipins, apart from 2 children in whose 
brains there was some increase in sphingemyelin content. Cholesterol was 
practically normal in all the children, but reduced in the adult cases; no 
cholesterol esters were present, while cerebroside was increased in one 
child and one adult, although to only a small degree. The cerebral cortex 
showed an increase of cerebroside in all cases, with an increase of sphingo- 
myelin in 2 out of the 3 children. 

The lipids were little altered in the cerebellum in the children, but 
there was considerable loss in both cortex and white matter in the adult 
cases apart from normal kephalin values. This is not surprising for there 
was considerable macroscopic shrinking of the cerebellum in both these 
cases, and histological changes were marked. 

Changes in the basal ganglia were prominent, there being a loss of all 
substances in the cases examined, apart from a slight gain in sphingomyelin 
in 2 cases, one of which was in a child who also showed a similar increase 
in the cerebral cortex and white matter. 

The estimations of neuraminic acid in all these cases showed a three- 
or fourfold increase in the cortex as compared to normal controls, and a 
sixfold increase in the basal ganglia. Only 2 cases showed any neuraminic 
acid in the cerebral white matter, but the amount present was a third of 
that found in the corresponding cortex. 

The findings not only confirm Klenk’s view that neuraminic acid is 
considerably increased in Tay Sachs’ disease (that is in the infantile group), 
but also show that it is increased in adult cases, more particularly in the 
grey matter. 

Examination of the results, as seen in Table VI, of the organs in some 
of these cases show little change from the normal, apart from some increase 
in cholesterol in the adult case and an increase in cerebroside in all the 
organs examined, apart from the spleen of one child. 

The chromatographic examination of the brain extracts for ethano- 
lamine showed only minor differences between the normal and the patho- 
logical material, but it was apparent that rather less was present in the 
one adult case so examined, both in the cerebral cortex and in the white 
matter. 

Disseminated sclerosis —The results are shown in Table VIT from which 
it is seen that there is a loss of all phospholipins, cholesterol and cerebro- 
side in all the demyelinated areas. The cortex overlying these demyelinated 
areas also shows a similar reduction in the content of these substances, 
though to a lesser degree. A further important feature is the presence of 
cholesterol esters, which are not found in a normal brain, for here the 
free cholesterol constitutes the whole of the cholesterol present. Another 
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very interesting point is that the apparently normal areas as judged by 
the histologist do show a variation from the normal brain in that there 
is some loss of phospholipins, even though cholesterol esters are not to be 
found in such areas. 

The results of the lipid estimations in the brain of the sudanophilic 
type of diffuse sclerosis show a picture almost identical to that found in 
disseminated sclerosis, including the small degree of abnormality to be 
found in the so-called normal areas. There is, however, a slight increase 
of cerebroside in the cortical areas whereas this was not seen in dissemin- 
ated sclerosis. 

Discussion 

Brante found considerable loss of phospholipins in human cerebral 
tissue after more than thirty-six days’ formalin fixation, and the results 
recorded here suggest that although there is some loss after two weeks, 
yet it is relatively slight at this stage. 

The brain from the case of Gaucher's disease which should have been 
normal. yet showed a definite loss of phospholipins, and this is almost cer- 
tainly the result of the longer time of fixation. The results also confirm 
Brante’s findings that cholesterol and cerebroside are still constant after 
this same period of fixation. It seems, therefore, that whenever possible 
fresh tissue should be examined, but if this is not possible fixation in 
formalin should not exceed two weeks. 

In general, there is fairly good agreement between the results of John- 
son ef a/. and Brante. and those recorded here. However, it has been shown 
that cerebellar white and grey matter contain rather less phospholipins, 
but much the same quantity of cholesterol and cerebroside as do similar 
regions of the cerebrum, while the basal ganglia contains, if anything, 
slightly more of all the substances estimated than does the cerebral or 
cerebellar grey matter. 

The results on the foetal brain are similar to those of Brante and show 
an almost complete lack of myelination at this age. 

Thannhauser (1950) found the lipids in the brain from a case of 
Gaucher's disease to be normal, whereas the organs contained an excess 
of cerebroside. and this has been confirmed for the brain, but unfortun- 
ately the organs were not available for analysis. Attempts to determine 
whether the cerebroside in the brain contained glucose or galactose by 
both the methods used by Ottenstein ef al. (1948), and by Brante (1951) 
were made, and showed that galactose constituted the sugar present. 

Four types of amaurotic family idiocy are usually described. The 
infantile or Tay Sachs’ variety are illustrated by Cases 1 and 3, while 


Case 2 is an example of the late infantile. The other 2 cases are both 
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adults, and the clinical and histological features of only a very few such 
cases have been described (Kufs, 1925 and 1931; Meyer, 1931, and Haller- 
voorden, 1938), but no chemical examinations were made on any of the 
previous cases, 

Thannhauser (1950) quotes the results of an analysis of one case of 
Tay Sachs’ disease and Klenk (1939-40) also made some chemical exami- 
nations. The former author says that a low cholesterol, some increase of 
total phospholipin and normal sphingomyelin were found in the brain, 
but that no chemical abnormality was found in the other organs examined, 
However, Schlesinger ef al. (1934) on the basis of histo-chemical appear- 
ances suggest that there is an abnormal deposit of lipid in the cerebral 
cortex and basal ganglia, and consider this to be a mixture of cerebrosides 
and phosphatides. They recommend that these same lipids might be 
sought for in the organs, but when liver from 3 cases and spleen from 2 
cases of amaurotic family idiocy were examined for neuraminic acid none 
was detected, even when the amounts of these organs were three times 
greater than that normally employed for the brain. 

Klenk and Langerbeins (1941) found that the chief abnormality in 
the brain in the Tay Sachs’ variety was an increase in the neuraminic 
acid content, and this finding has been supported by the examinations 
made in the cases reported here, and that the site of the lipid containing 
this substance is in the grey matter. However, the increase found in these 
experiments was not so marked as that recorded by Klenk and his workers. 
It would appear that the lipid described by Schlesinger et al. in the cor- 
tical cells is a ganglioside containing neuraminic acid, together with 
cerebroside. The length of history in the adult cases was long being fifteen 
years in the man and six years in the woman, so that a loss of all phos- 
pholipins and cholesterol is not surprising. The presence of increased 
cerebroside together with neuraminic acid in these cases places them in 
the same group of disease processes as the juvenile cases. It is of interest 
that in the globoid body type of diffuse sclerosis there is an increase of 
cerebroside which occurs, however, in the sub-cortical zone, but there 
is no increase in neuraminic acid in the brains in this condition (Black- 
wood and Cumings). 

Weil (1948) has reported that he found a decrease in the content of 
phospholipins in the brain in cases of disseminated sclerosis and this has 
been confirmed. However, it has also been shown that cholesterol esters 
are present and that the loss of phospholipins affects all the lipids that 
were estimated. Very few chemical analyses have so far been made in 
this disease and it has not previously been noted that some apparently 


normal areas show chemical abnormalities. This needs to be confirmed 
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in a larger series of cases, and especially should it be looked for in brains 
where the only lesions present at death are in the spinal cord. Vogel 
(1950) has produced demyelination in the rabbit’s brain as a result of the 
use of purified lipase, but no chemical studies were made. Discussing 
the chemistry of myelination and demyelination Sperry and Waelsch 
(1950) conclude that lipids are probably synthesized in the brain, and 
also that there is a relationship between myelination and glycolysis. This 
may provide an explanation for the findings of Jones et al. (1950) who 
reported abnormal responses to oral glucose in patients with disseminated 
sclerosis, and that the blood pyruvate levels were abnormal both fasting 
and after glucose. 

More extensive studies on the cerebral chemistry in all varieties of 
demyelination are needed, together with a knowledge of the enzymatic 
processes at work which produce both myelination and demyelination, 
and it would appear that in this field there is considerable scope for investi- 
gations of a fundamental nature which might well reveal some of the 
answers to the problem of disseminated sclerosis. 


SUMMARY 

Estimations of phospholipins, cholesterol and cerebroside have been 
made under varying conditions in normal and pathological brain, liver, 
spleen and kidney. It is suggested as a result of these examinations that 
fresh material should be employed, if possible, but that if fixed brain is 
used it should not have been in formalin longer than two weeks. 

The pathological material showed normal lipid contents in the brains 
of Gaucher’s disease and in Huntington’s chorea, apart from the basal 
ganglia in this last disease. The brains and some organs from 5 cases 
of amaurotic family idiocy have been investigated, and an increase of 
cerebroside and of neuraminic acid found in the grey matter in all cases 
including 2 adult cases of this disorder. These last 2 cases showed loss 
of all phospholipins. 

The results found in 2 cases of disseminated sclerosis show a loss of 
phospholipins with the presence of cholesterol esters in the demyelinated 
areas, and a slight loss of phospholipins in the apparently normal areas. 
The case of diffuse sclerosis of the sudanophilic type showed, as well as 
a similar picture to the cases of disseminated sclerosis, an increase in 


cerebroside content. 


It is a great pleasure to thank those who obtained the pathological 
material for me, particularly Drs. J. G. Greenfield, W. Blackwood and 
R. Goodbody, and to express my thanks for the help given me techni- 
cally by Messrs. H. Goodwin and R. C. Shortman. 
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NECROSIS OF THE SPINAL CORD DUE TO THROMBOPHLEBITIS 
(SUBACUTE NECROTIC MYELITIS) 


BY 


W. G. P. MAIR ann J. F. FOLKERTS 


(From the Histological Laboratory, National Hospital, Queen Square, 
London, W.C.]/) 


Fox and ALAJOUANINE in 1926 described 2 cases of a condition which 
they named subacute necrotic myelitis. The disease ran a subacute course, 
beginning with spasticity of the lower limbs going on to spastic paraplegia, 
then developing into flaccid paralysis. Sensory disturbances, at first of a 
dissociated nature, followed the spasticity and eventually all modalities 
of sensation were involved. The protein of the cerebrospinal fluid was 
increased but the fluid contained only a few lymphocytes. The vessels, 
particularly the veins, on the surface of the cord were thickened and 
presented inflammation of the media and intima. Severe pathological 
changes were seen in the lower thoracic and lumbosacral. part of the spinal 
cord, and consisted of necrosis of the parenchyma and great thickening 
of the parenchymal vessels, chiefly the veins. 

Lhermitte, Fribourg-Blanc and Kyriaco (1931), Minea (1932), Mar- 
kiewicz (1937) and Greenfield and Turner (1939) reported cases in which 
the structural changes in the lumbosacral region of the cord were akin 
to those described by Foix and Alajouanine. Many other cases have been 
described as “ subacute necrotic myelitis,” but the changes in the spinal 
cord do not correspond with those described by Foix and Alajouanine. 
Wyburn-Mason (1943), Suter-Lochmatter (1950), Haberland (1950) and 
Brion, Netsky and Zimmerman (1952) described cases of vascular ano- 
malies of the spinal veins in which the course of the disease and the 
changes within the spinal cord were similar to those of Foix and 
Alajouanine’s cases. Stolze (1950) reported a case of angioma racemosum 
venosum of the medulla where the pathological changes were similar to 
those in the lumbosacral cords of the forementioned cases. 

The following case is presented as an example of subacute necrotic 
myelitis and certain features are described which may throw further light 


on the nature of the disease. 
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SUMMARY OF CLINICAL CoURSE 





A. M. (Hosp. No. 8351), a woman of 53, was admitted to the National 
Hospital, Queen Square, on April 7, 1948, under the care of Dr. Denis 
Brinton. She had stiffness of the legs for fifteen months, dragging of the 
left leg for six months and weakness of the legs for three months. She 
was unable to walk when admitted. The knee-jerks were exaggerated and 
the plantar responses extensor. She had diminished appreciation of all 
forms of sensation below the second dermatome. Laminectomy failed to 
reveal the nature of the lesion in the spinal cord. Her condition following 
a short temporary improvement worsened. She had delay in starting 
micturition. The lower limbs became weak and ataxic; the right ankle- 
jerk was abolished and she had analgesia below the twelfth dermatome. 
She died four years after the onset of her symptoms. 

Details of clinical course —Fifteen months before admission she had complained 
of stiffness, coldness, blueness and chilblains of both legs, The stiffness worsened 
and she was treated for arthritis. Six months later she started dragging her left leg 
and catching her toe on the ground, and three months after this her feet began to 
feel heavy and her legs were so weak that she could walk only short distances. She 
was no longer able to stand for long periods as she had been accustomed, When 
admitted to hospital she could not walk unless aided and then only for a short 
distance. Involuntary flexor movements of the hip and knees had developed four 
months before admission and took place mainly at night and when resting. Her 
condition was unaffected by darkness. An objectionable drawing sensation in her toes 
interfered with sleep. She had no loss of sensation in her legs, nor had she lightning 


or girdle pains. There was no disturbance of bladder or rectal sensation, and no 


difficulty with micturition or defzcation. 








Examination.—The cranial nerves were normal. Motor system: She was unable 
to walk unaided and her gait was spastic. Both legs were circumducted and the left 
leg dragged more than the right. There was no wasting, fasciculation or tremor of 
the lower extremities. The muscular tone was increased in the lower limbs and 
more marked on the left side. The adductors were slightly spastic but because of 
weakness and spasticity the co-ordination of the legs could not be tested. The 
knee-jerks were increased. The ankle-jerks were normal; ankle clonus was not 
demonstrated. The upper abdominal reflexes were present, the lower absent. Both 
plantar responses were extensor. Sensation: Slight decrease of pain and touch was 
elicited over the second lumbar dermatome and more distally and more marked 
on the left side there was diminished appreciation of all forms of sensation, especi- 
ally touch. Vibration sense was absent in the left leg, decreased at the right knee, 
and absent on the right ankle. Position sense of the toes was lost on the left and 
decreased on the right. The power and tone of the upper limbs were normal; the 
appreciation of touch and pain was not impaired, and there was no inco-ordination. 
The biceps, triceps and supinator jerks were present and equal on both sides. 

General examination.—The temperature had always been normal. A scar was 
present over the sacrum but no sac of a meningocele was seen. There was tender- 
ness on pressure on the spines of the first thoracic and fourth lumbar vertebre. 
No abnormality was found in the cardiovascular and respiratory systems or in the 
abdomen. X-ray examination of the spine showed an upper dorsal scoliosis maximal 
at the fourth thoracic vertebra. The spine of the fifth lumbar vertebra was bifid, as 
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were all the sacral vertebrae. A sweating test on April 12, 1948, demonstrated 
a band of sweating more profuse at the costal margins and over the xyphoid 
cartilage than elsewhere, and below this sweating was not seen. The line of transi- 
tion was fairly well marked. A myelogram carried out on April 23, 1948, showed 
a break in the opaque medium at the second thoracic vertebra. A laminectomy 
was performed; the spinous processes and laminz of the third, fourth and fifth 
thoracic vertebre were removed. The exposed spinal cord was seen to be pulsating 
and a rubber catheter passed up and down in the subdural space encountered no 
obstruction. After the operation she improved slightly but remained grossly spastic 
and unsteady. Pin-prick was appreciated as such above knee level on both sides 
but more keenly on the right. 

After her discharge on July 3, 1948, she improved to such a degree that she 
could occasionally walk unaided for about a hundred yards. However, in August 
1949 her ankles turned over as she walked and she fell much more frequently. Her 
condition deteriorated. She had slight delay in starting micturition but no fre- 
quency. She was readmitted to the National Hospital on October 17, 1949. 

Examination.—October 1949: The cranial nerves were normal, as were the 
posture, tone, power and co-ordination of the upper limbs. She was unable to sit 
up without using her arms because of weakness of the hip flexors. The umbilicus 
moved slightly upwards on flexing the neck against resistance, but no weakness 
of the abdominal musculature was detected. The lower limbs were kept adducted 
and the ankles plantar flexed and inverted. The muscles of the thighs were moder- 
ately spastic but there was no spasticity at the ankles. She had moderate weakness 


of the physiological extensors of the lower limbs; and severe weakness of the hip 
flexors, and both hamstrings, and of the dorsiflexors of the ankles. She was unable 
to dorsiflex the left ankle or toes. The lower limbs were grossly ataxic. The upper 


abdominal reflexes were present and the lower absent. The knee-jerks were present 
and equal on both sides; the right ankle-jerk was absent and the left could just be 


elicited. Both plantar responses were extensor. Clonus was not elicited. There 
was anzsthesia for touch and analgesia of the lower limbs to pin-prick up to the 
twelfth dermatome. In the region of the eleventh dermatome there was a zone 


of hyperalgesia. Vibration sense was lost up to and including the anterior superior 
iliac spines. Position sense was lost at both halluces and impaired at the ankles. 
No abnormality was found in the other systems of the body. At lumbar puncture 
on October 26, 1949, the pressure was 120 mm., with a free rise and fall on jugular 
compression The fluid was clear and colourless and no cells were seen. The 
protein content was 55 mg. per cent The Nonne-Appelt and the Pandy tests 
were weakly positive. The Lange colloidal gold curve showed no change. Wasser- 
mann’s reaction of the blood and cerebrospinal fluid was negative. The sensory 
changes remained the same. Bedsores developed and she died on September 2, 1950. 
DIFFERENTIAL DIAGNOSES 

Tumours of the spinal cord have proved difficult to differentiate from 
subacute necrotic myelitis as both may present with pains of the legs, 
atrophy of muscles, loss of tendon reflexes, and sensory and sphincter 
disturbances. Even after myelography the diagnosis may be uncertain, for 
subacute necrotic myelitis may produce a partial block of the subarachnoid 
space. Exploratory laminectomy had to be undertaken in the case under 
discussion and in that reported by Lhermitte (1931). Similarly in some 
of the reported cases of angioma racemosum venosum of the spinal cord 


laminectomy had to be performed to eliminate the diagnosis of neoplasm. 
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Post-mortem examination.—The body was that of an emaciated 
woman. Large necrotic bedsores were present over the sacrum and but- 
tocks. No changes of pathological importance were found in the organs 
of the chest and abdomen. The brain did not present any gross lesion. 

A very marked kyphosis was present in the upper thoracic part of the 
spine. The bodies of the fourth, fifth and sixth thoracic vertebrae were 
fused. The spinous processes and laminz of the third, fourth and fifth 
thoracic vertebrz had been removed at operation and the dura mater in 
this neighbourhood was greatly thickened. A meningocele and_ spina 
bifida were present in the lumbosacral region but the cord did not extend 
into the meningocele. 

A linear band of brown staining ran in the mid-line of the dorsal 
surface of the spinal cord from the second cervical to the lower thoracic 
region, where the pigmented band expanded over the entire surface of 
the lower part of the spinal cord. The leptomeninges from the tenth 
thoracic segment downwards were markedly adherent to the cord, which 
had a spongy consistency. Large thick vessels were present on the 
anterior and posterior surfaces of the cord from the tenth thoracic segment 
downwards. The thoracic portion of the cord was smaller in calibre than 
normal. The grey and white matter could not be distinguished in the 


thoraco-lumbar part of the cord, the architecture of which was destroyed. 


SUMMARY OF PATHOLOGICAL CHANGES 

The case presented kyphosis of the upper part of the dorsal spine, 
fusion of the bodies of the fourth, fifth and sixth thoracic vertebra, spina 
bifida of the fifth lumbar vertebra and sacrum, and a cutaneous scar 
overlying a small meningocele. The spinal cord did not expand info the 
meningocele. 

The leptomeninges over the lower thoracic and ]umbosacral part of 
the cord were thickened and firmly adherent to it. The arteries supplying 
the cord were normal. The veins around this region of the cord were thick 
walled and tortuous; those on the anterior aspect (fig. 1, Plate XII) were 
largest, much more so than those on the posterior aspect. The annular veins 
on the lateral aspect of this region of the cord were thick walled (fig. 1, 
L.3). There was no hemangiomatous malformation of the veins. The 
prominence of the veins was due to excessive thickening of their walls by 
). 
Frequently the lumen of the vein was unduly large (fig. 1) and in some 


concentric layers of elongated cells and dense connective tissue (fig. 7 
segments the vein was thrombosed and filled with connective tissue (fig. 
6). Recanalization of the thrombosed veins had taken place in some 


regions (fig. 7) in the veins on the anterior and lateral surface of this 
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severely damaged part of the cord. The changes exhibited in the super- 
ficial veins were those seen in thrombophlebitis; the veins on the anterior 
surface were largest and presented the most marked changes. The anterior 
radicular vein accompanying the tenth thoracic anterior nerve root was 
of unusually wide calibre and a complete ring of calcified material was 
present in its wall (fig. 3). 

Extension of the thrombophlebitis had occurred along the anterior 
spinal vein (which was thick walled throughout its course) from the coccy- 
geal to the cervical segments. The thickened vein indented on one side 
the anterior white column of all the thoracic segments. Recent thrombus 
formation and infiltration by lymphocytes and macrophages of the wall 
of the anterior spinal vein and the leptomeninges immediately around 
were seen in the lower cervical segments (fig. 8). The veins on the posterior 
and lateral aspects of the spinal cord rostral to the sixth thoracic segment 
were not involved by thrombophlebitis. The normal architecture of the 
lower thoracic and the lumbosacral cord was almost completely destroyed. 
White and grey matter could be distinguished readily only in the anterior 
third of the cord, but in the posterior two-thirds, where most of the nervous 
elements were destroyed, it was impossible to differentiate grey from white 
matter (fig. 1). This damaged region consisted mainly of thick-walled 
vessels, some with an extraordinarily wide lumen (fig. 2), others with a 
very narrow lumen, restricted in some instances by endothelial prolifera- 
tion (fig. 5). All these vessels were surrounded by an excessive amount of 
collagen (fig. 9). Many of the vessels were calcified. As in the normal cord 
there were many more vessels in the regions corresponding to the grey 
than in those corresponding to the white matter. A few zones of coagula- 
tive necrosis unaccompanied by cellular reaction were found at various 
levels in the damaged cord (fig. 10). The anterior third of the cord was 
much less severely affected. A considerable part of the anterior columns 
were myelinated, and a band of myelin, very thin in some segments, sur- 
rounded the ventral part of the anterior grey horns (fig, 1). These 
myelinated regions presented relatively few vessels and they were not 
dilated or thick walled as in the damaged lateral and dorsal white columns. 
Nerve cells were present in the ventral parts of the anterior grey horns 
though many of them were in an advanced state of degenerative change 
(fig. 11). Many thick-walled vessels were present in the grey matter (fig. 11). 

The severity of the lesion diminished over the ninth, eighth and 
seventh thoracic segments where the parenchymal changes consisted of 
loss of myelin of the lateral columns. Both were affected in the ninth 
and eighth segments but only one side of the seventh segment (fig. 1). 
The parenchymal vessels were dilated. Many were calcified (fig. 4). 
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Ascending degeneration had taken place around the periphery of the 


lateral columns and in the columns of Goll throughout the cord above 
the site of the severe lesion (fig. 1). Although a large extent of the 
anterior spinal vein inj the upper thoracic and lower cervical regions 
showed recent thrombosis (fig. 8), only dilatation of the parenchymal 
vessels without significant tissue changes had taken place. 

No proliferation of astrocytes or of microglia was seen anywhere in 


the damaged parts of the cord. 


HistotocicaL EXAMINATION OF THE SPINAL CORD 


The sacral to the tenth thoracic segments.—This was the most severely affected 
region. Thick-walled veins surrounded the lower thoracic and lumbosacral part 
of the spinal cord and were more numerous and larger on the anterior aspect (figs. 
! and 7). On the lateral and posterior aspects of the cord the veins were smaller 
and fewer. Several such veins were present on the anterior and posterior surfaces 
of the third and fourth lumbar segments. The walls of the veins were composed 
either entirely of concentric lavers of elongated connective tissue cells or dense 
fibrous tissue, or a mixture of both. On all aspects of this region of the cord were 
veins, whose lumina were filled with connective tissue cells (fig. 6), the result no 
doubt of organization cf a thrombus. Some of the thrombosed veins were re- 
canalized; and such a vein with two small lumina was present over the anterior 
surface of the fifth lumbar segment (fig. 7). Some of the veins accompanying 
the anterior and posterior nerve roots exhibited mild thickening of their walls. 
A complete ring of calcareous matter occupied the media of the vein accompanying 
the anterior nerve root of the tenth thoracic segment (fig. 3). This vein had a 
very large patent lumen and the intima showed a mild degree of proliferation, The 
feptomeninges were thickened and firmly adherent to the cord. The anterior 
spinal artery and its branches lying in the thickened fibrous leptomeninges were 
normal in structure. 

The cord presented extensive damage in both the grey and white matter (figs. 
1 and 2). The myelin was destroyed, except in the anterior columns and imme- 
diately around the grey horns in the tenth thoracic segment. More caudally myelin 
was present only in the anterior columns and in a narrow zone in the lateral 
columns immediately around the anterior horns (fig. 1). Elsewhere in these seg- 
ments the myelin had disappeared except for a few scattered fibres in the lateral 
and dorsal columns, so that it was difficult, and in some segments impossible, to 
outline the degenerated posterior grey horns from the extensively damaged lateral 
and dorsal columns. Fewer nerve cells than usual were present in the anterior 
grey matter and many of them were undergoing chromatolysis or were already in 
an advanced stage of degeneration (fig. 11). Similarly the nerve cells of Clarke’s 
columns in the lower thoracic and upper two lumbar segments were few in number; 
many were degenerate, and some were represented merely by a homogeneous mass. 
Nowhere in the damaged parenchyma was there any reaction on the part of the 
astrocytes or microglia. Zones of homogeneous necrotic tissue without 
any cellular reaction around them were seen in the lateral column in 
the tenth thoracic (fig. 10) and second lumbar segments, and in the posterior 
column of the first lumbar segment. The damaged grey and white matter con- 
sisted largely of thick-walled blood vessels (fig. 2) and as is usual more vessels 
were present in the region of the grey than in that of the white matter, Frequently 
the vessels were abnormally large and had a very wide lumen, though in some it 
was so restricted as to be scarcely visible (fig. 9). The narrowing of the lumen was 
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due in some instances to proliferation of the endothelium (fig. 5). The thickened 
walls of the vessels consisted mainly of collagen (fig. 9). Such vessels formed the 
greater part of the posterior two-thirds of the lower thoracic and lumbosacral 
part of the cord. Many of the vessels were calcified and these were most commonly 
seen in the posterior horns (fig. 4), though they were also present in the anterior 
grey horns and in the lateral and dorsal white columns. The calcium deposits 
were in the form of fine droplets or a complete calcified band in the vessel wall. 
The arterioles and arteries in the parenchyma were of wide calibre and, though 
surrounded by a thick layer of collagen, their media, internal elastic lamina, and 
intima were normal. The vessels in the relatively undamaged anterior columns 
did not exhibit the same dilatation of their lumen or collagenous thickening of their 
walls as did those in the damaged dorsal and lateral columns (fig. 2). 

Some nerve cells undergoing chromatolysis were present in the posterior root 
ganglia of the tenth thoracic to the first lumbar segments. 

Some of the sacral nerve roots were infiltrated with compound granular 
corpuscles. 

Thoracic segments nine, eight and seven.—These segments were much less 
severely damaged than the lower thoracic and lumbosacral region. The lepto- 
meninges were slightly thickened. The anterior spinal artery was normal. The 
veins around the cord were fewer than in the more caudal segments but they had 
undergone similar changes. The greatly thickened anterior spinal vein indented 
one anterior column and displaced backwards and laterally the anterior horn on 
that side (fig. 1). Organizing thrombus filled the vein overlying the eighth and 
seventh segments. Only very occasional veins on the lateral and dorsal surfaces 
of the segments showed proliferative thickening of their walls. 

The peripheral zone of the cord presented swelling and pallor of the myelin. 
Loss of myelin was seen in the central parts of the lateral columns in the ninth 
and eighth segments and in one lateral column in the seventh segment. Demyelina- 
tion due to ascending degeneration was seen in the columns of Goll (fig. 1), The 
nerve cells of Clarke’s column were few and very often in a state of degeneration; 
some of them were represented by a homogeneous mass, deficient of nucleus and 
Nissl substance. Cells of the intermedio-lateral group also showed chromatolysis and 
swelling. The nerve cells in the anterior horns were, however, in a good state of 
preservation. Some proliferation of astrocytes had occurred in the grey matter, 
but no evidence of proliferation of astrocytes or microglia was seen in the damaged 
white matter. As in the more caudal segments, the vessels in the damaged regions 
had enormously thick collagenous walls. In many instances the lumina of the 
vessels were dilated but again many had a very restricted lumen. Many vessels 
in the grey matter, particularly in the posterior grey horns, were calcified (fig. 4). 

Thoracic segments six to one.—The leptomeninges of the upper six thoracic 
segments were not markedly thickened. The anterior spinal artery was normal. 
The thickened anterior spinal vein indented the anterior column of one side of 
these segments; its much widened lumen was filled with recent thrombus and 
its wall showed structural changes similar to those in the vein, more caudally 
(fig. 1). On the posterior aspect of the upper six thoracic segments thickened 
veins were seen only on the sixth. The myelin around the periphery of the spinal 
cord showed swelling and pallor. Ascending degeneration had taken place in the 
columns of Goll (fig. 1). Chromatolysis was seen in the nerve cells of the inter- 
mediolateral group and in the cells of Clarke’s column. Some proliferation of 
astrocytes was seen in the grey matter but not in the white matter—not even in 
the degenerate columns of Goll. The vessels in the grey matter and lateral columns 
were thick walled; their lumina were frequently dilated. The thickening of the 
parenchymal vessels was less marked than in the more caudal segments. A zone 
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of coagulative necrosis was seen in the neighbourhood of a calcified vessel in an 
anterior horn of the sixth thoracic segment but was not seen above this level. 

Cervical segments eight to five-——The leptomeninges were not obviously thickened 
and the anterior spinal artery was normal. The anterior spinal vein varied in 
calibre at different segmental levels of the spinal cord: the portion overlying the 
eighth segment was thickened and contained thrombus formed of loose connective 
tissue infiltrated by phagocytes filled with hzemosiderin. Overlying the seventh 
segment the vein had a thick connective tissue wall; the inner layers were infiltrated 
with small round cells and thrombus in the early stages of organization was presert 
in the lumen (fig. 8). Fibroblasts and phagocytes were invading the edge of the 
thrombus at the level of the seventh and sixth segments. Leucocytes filled with 
hemosiderin infiltrated the leptomeninges around the thrombosed vein. The upper 
limit of the thrombus was at the fifth cervical segment. A few small veins with 
very slightly thickened walls were present on the lateral aspect of the seventh 
cervical segment. Pallor of myelin was seen around the periphery of these segments, 
and ascending degeneration had occurred in the columns of Goll; gliosis had not 
taken place in the latter. The parenchymal vessels showed slight collagenous 
thickening of their walls and their lumina were often many times the size normally 
seen in the spinal cord. Some proliferation of astrocytes was seen in the grey 
matter. The nerve cells did not show evidence of degenerative change. 

Cervical segments four to two.—The leptomeninges were not thickened. The 
anterior spinal artery was normal. The anterior spinal vein at the fourth segment 
showed proliferative thickening of its wall, infiltration of the inner part by round 
cells and narrowing of the lumen. The vein over the third segment showed only 
slight proliferative thickening of its wall and was normal over the second segment. 
All segments showed identical parenchymal changes; namely pallor of the peri- 
phery of the cord, and ascending degeneration of the columns of Goll without any 
gliosis of the demyelinated regions. The grey matter did not show degeneration 
of the nerve cells; the vessels in the parenchyma presented very mild ccllagenous 
thickening and were not dilated. 

CLINICAL CONSIDERATIONS 

The patient suffered over a period of four years from a slowly pro- 
gressive disease of the spinal cord and died from toxemia due to bed- 
sores. The illness began with stiffness of the knees and coldness and 
blueness of the lower limbs; weakness of the muscles of the lower limbs 
followed. The pyramidal signs were more marked at the onset of the 
illness but later the signs of a lower motor neurone became manifest. 

The clinical signs demonstrated at the first examination in April 
1948, fifteen months after the onset of the illness, were spastic weakness 
of the lower limbs, exaggerated knee-jerks, extensor plantar responses 
and absence of the lower abdominal reflexes. Vibration sense was absent 
in the left leg and diminished in the right, and position sense was 
diminished in the great toe of either side. Appreciation of pain and 
touch was slightly decreased over the second lumbar dermatome and 
more distally and more marked on the left side, there was diminution 
in the appreciation of all forms of sensation, particularly touch. These 
observations suggested a lesion in the lower thoracic region which 


involved the lateral and dorsal columns. 
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It is interesting to note that after her discharge she improved sufh- 
ciently to walk unaided. 

The second examination in October 1949, two years and nine months 
after the disease began, showed the knee-jerks were no longer exag- 
gerated, the left ankle-jerk diminished, and the right absent. Vibration 
sense was absent in the lower limbs up to the anterior superior iliac 
spines. Position sense was lost over both halluces and diminished at the 
ankles. There was anesthesia for touch and analgesia to pin-prick from 
the tenth dermatome downwards. The lesion had now involved the grey 
matter and the dorsal and lateral columns of the lumbosacral enlarge- 
ment as well as the lower thoracic portion of the cord. 

The features common to this and other reported cases are the presence 
of an upper and lower motor neurone lesion and involvement of the 
dorsal columns. 

A spastic paraplegia going on to flaccid paralysis was present in all 
cases except that of Lhermitte e¢ al., where the paraplegia was spastic 
throughout the illness, and Minea’s case which had a flaccid paralysis oi 
the lower limbs from the time of the first examination three months after 
the onset of the illness. In the case under discussion some spasticity 
remained at the time of the second examination. 

The plantar responses were early abolished in the cases of Foix and 
Alajouanine but in the present and all other mentioned cases of subacute 
necrotic myelitis the plantar responses were extensor. Sphincter dis- 
turbances were present early in most cases but here they appeared late. 

Dissociated sensory disturbance present in the early stage of the 
disease in both cases of Foix and Alajouanine was not noted in the other 
mentioned cases of subacute necrotic myelitis but has been found in some 
cases of varicosity of the veins of the spinal cord. 

In the present case there was a slight increase in the total protein 
content (0°055 gramme per cent) of the cerebrospinal fluid but the cells 
were not increased. In the cases of Foix and Alajouanine the total protein 
was high without a corresponding increase in the cell count, while in 
other reported cases the protein has been raised and in some instances 
the cells have been increased. 

None of the patients suffered from syphilis. 

Symptoms related to the optic nerve were present in one of Foix and 
Alajouanine’s cases but there were no histological changes in the optic 
nerve. Minea’s case presented in one optic nerve changes similar to those 


found in the spinal cord. 
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Discussion 

The veins of the lower thoracic and lumbosacral parts of the spinal 
cord were affected by thrombophlebitis. Those on the anterior surface 
were largest and presented the most marked changes. The venous drain- 
age of this region of the cord is effected by relatively few large radicular 
veins which empty into the vertebral venous sinuses. As reported by 
Kadyi (1889) and Tureen (1938) only one to three such veins are present 
anteriorly between the ninth thoracic and second lumbar segments and 
more caudally another vein accompanies the first or second anterior sacral 
nerve root. Posteriorly twd or sometimes three radicular veins occur 
between the ninth thoracic and third lumbar segments. No posterior 
radicular vein accompanies the sacral nerve roots. Annular veins are 
present on the lateral surface of the cord in this region and form an 
anastomosis between the anterior and posterior superficial spinal veins. 
These observations have been confirmed by injection methods (Mair and 
Druckman). Because of the paucity of veins draining this part of the 
spinal cord any lesion such as thrombophlebitis, obstructing the super- 
ficial veins, will impair the drainage over a considerable extent of the 
cord. The annular veins connecting the anterior and posterior spinal 
veins readily permit the spread of thrombophlebitis from one group of 
veins to the other which will further aggravate the venous obstruction 


< 


of the spinal cord. The parenchymal veins anastomose freely with each 


other and at first the blood normally drained by the thrombosed veins 


will be deflected to parenchymal veins and segments of the spinal veins 
above or below the obstruction. As the thrombosis extends to involve 
wider regions the venous drainage will become severely restricted. Dilata- 
tion of the venules, stagnation of blood, and anoxia of the tissues will 
ensue so that tissue damage and even necrosis may follow. In the case 
under discussion the damage was so severe that the nervous elements of 
the posterior two-thirds of the spinal cord were almost completely des- 
troyed. The damaged territory was occupied by numerous blood vessels 
with excessively thick collagenous walls. Collagenous thickening of vessel 
walls has been noted in other ischemic lesions of the spinal cord (Mair 
and Druckman, 1953). Zones of coagulative necrosis also occurred. 
The ventral part of the anterior grey horns was not completely 
destroyed but many of the nerve cells were undergoing degeneration; 
here the blood vessels were dilated and thick walled. Myelin persisted 
in the anterior columns and immediately around the ventral part of the 
anterior grey horns. In these myelinated regions the blood vessels were 
not markedly dilated nor were they surrounded by an excess of collagen. 


The persistence of the relatively undamaged white matter in the anterior 
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white columns, where the venules were not dilated, and the presence of 
only partially damaged ventral grey matter in the most severely affected 
segments of the spinal cord, may be explained by the fact that the veins 
of these territories drained directly into the leptomeningeal and antero- 
lateral veins lying behind the anterior nerve roots. These latter vessels, 
which were patent (fig. 12), drain directly into the radicular veins. 

By recanalization of thrombosed veins the venous drainage of the 
affected part may be partially restored and the circulation improved, In 
this connexion it is interesting to note that the patient did show temporary 
improvement sufficient to enable her to walk unaided during the period 
between her discharge from hospital and her readmission. 

The lesion diminished in severity from the ninth to the sixth thoracic 
segments. Rostral to the sixth thoracic segment the anterior spinal vein 
contained recent thrombus but the posterior spinal veins were not 
thickened or thrombosed, and no thrombosed veins were seen on the lateral 
surface of the spinal cord. There are many posterior radicular veins 
in the upper thoracic and lower cervical part of the spinal cord and 
normally they drain more blood than the anterior radicular veins. They 
presumably provided adequate venous drainage and compensated for any 
impairment of venous outflow due to occlusion of the anterior spinal 
vein by thrombus. In the upper thoracic and lower cervical cord the 
parenchymal veins were dilated and they were surrounded by a layer 
of collagen. In addition there was ascending degeneration of the columns 
of Goll and the periphery of the lateral columns throughout the cord 
rostral to the severe lesion. 

Neither gliosis nor microglial reaction had taken place in the damaged 
regions, presumably on account of the devitalized condition of the tissues. 

In some reported cases a similar lack of response on the part of the 
astrocytes and microglia has been observed but in others there has been 
marked gliosis and infiltration in the necrotic regions by macrophages. 
The degree of nerve cell loss has varied from slight to severe degrees. 

In the present case evidence is lacking as to the cause of the thrombo- 
phlebitis affecting the spinal veins. The pelvic veins were not thrombosed. 

Structural changes in the spinal cord of a similar nature have been 
reported by various authors in cases of varicosity of the veins of the 
spinal cord. 

CONCLUSIONS 

Our observations in this case suggest that necrosis of the spinal cord 
may arise from thrombophlebitis of the veins of the thoracic and lumbo- 
sacral regions. The parenchymal damage is due to anoxia following 
impairment of the venous drainage due to thrombosis of these superficial 


574 W. G. P. MAIR AND J. F. FOLKERTS 


spinal veins. The process may readily spread in the lower thoracic and 
lumbosacral region from the anterior or posterior spinal veins by com- 
municating annular veins situated on the lateral aspect of the spinal cord. 

The changes following thrombophlebitis of the spinal veins are iden- 
tical with those found in the condition called subacute necrotic myelitis. 


We would like to thank the Medical Committee of the National Hos- 
pital, Queen Square, and Dr. D..Brinton and Mr. Harvey Jackson for 
permission to publish this case. We are indebted to Dr. H. W. Davis 
for the radiological reports and to Dr. J. N. Cumings for the results of 
the serological investigations. 

We appreciate the very helpful advice and criticism of Dr. W. Black- 
wood and Dr. R. Druckman and the encouragement Dr. Blackwood has 
given us in the preparation of this paper. We are grateful to Miss I. 
Snape for the sections and Mr. J. A. Mills for his care and skill in pre- 
paring the photomicrographs. 
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LEGENDS FOR PLATES 
PLATE XII 

Fic. 1.— Myelin preparations of the spinal cord. (x_ 5.) (Lovez stain.) 

At L.3 the leptomeninges are thickened and the anterior and posterior spinal 
and the annular veins are thick walled. Myelin is seen in the anterior columns 
around the ventral part of the anterior grey horns. The posterior two-thirds of 
the cord is completely disorganized. 

At T.10 the leptomeninges are thickened. The unusually large thick-walled 
anterior spinal vein containing thrombus lies adjacent to the normal anterior spinal 
arterv and indents the anterior column on one side; the indented part is demyeli- 
nated. The lateral and dorsal columns are almost completely demyelinated. A 
narrow band of myelin occurs around the anterior grey horns and to a lesser extent 
around the posterior grey horns, 

At T.7 the thick-walled anterior spinal vein is of unusually wide calibre and 
indents the anterior column on one side. Demyelination is seen in one lateral 
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To illustrate article by W. G. P. Mair and J. F. Folkerts. 
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PLATE XIII 


To illustrate article by W. G. P. Mair and J. F. Folkerts. 





PLATE XIV 


To illustrate article by W. G. P. Mair and J. F. Folkerts. 
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column and pallor of myelin (ascending degeneration) is seen around the periphery 
of the lateral columns and in the columns of Goll. 

At C.7 the anterior spinal vein is much less in size than in the more caudal 
segments. Some pallor of myelin is seen at the periphery of the spinal cord; the 
columns of Goll are completely demyelinated. 

Fic, 2.—T.10 shows damage to the greater part of the segment. The thick- 
walled anterior spinal vein indenting the cord is present in the lower right corner 
of the photomicrograph. The injured tissue contains a great many thick-walled 
venules, many of which are of unusually wide calibre. More vessels occur in the 
territory of the grey than in that of the white matter. The undamaged part of 
the anterior white column has relatively few vessels and they are not so thick 
walled or dilated as elsewhere. (x 20.) (Haematoxylin van Gieson.) 


PLATE XIII 


Fic. 3—The tenth thoracic anterior nerve root is accompanied by a large anterior 
radicular vein of unusually wide calibre which shows calcification of the medial part 


of the wall and thickening of the intima. (x 35.) (Hematoxylin van Gieson.) 

Fic 4.—Calcification has taken place in the walls of the prominent dilated veins 
in the posterior grey horn of the eighth thoracic segment. (x 200.) (Haematoxylin 
van Gieson.) 

Fic. 5.—Parenchymal veins from the third lumbar segment show collagenous 
thickening of their wall and endothelial proliferation. (x 420.) (Haematoxylin 
van Gieson.) 

Fic. 6.—A vein from the dorsal aspect of the fourth lumbar segment is com- 
pletely filled with connective tissue: the result of organization of a thrombus. 
(x 150.) (Hamatoxylin van Gieson.) 

Fic. 7.—Several thick-walled veins are seen overlying the ventral aspect of the 
fifth lumbar segment. One of them marked by the arrow contains recanalized 
organizing thrombus in which appear two small lumina. The undamaged anterior 
spinal artery at the bottom of the photomicrograph lies in thick connective tissue. 
(x 45.) (Hzematoxylin van Gieson.) 

Fic. 8.—The anterior spinal vein in the region of the seventh cervical segment 
is occluded by recent thrombus in which organization has commenced, The wall 
of the vein shows fibrous thickening and a mild degree of round-celled infiltration. 
(x 105.) (Hematoxylin van Gieson.) 

PLATE XIV 

Fic. 9.—The damaged white matter from the third lumbar segment consists 
mainly of thick collagenous-walled vessels; the lumen in some instances is patent 
but in others much restricted. (x 275.) (Hematoxylin van Gieson.) 

Fic, 10.—A zone of coagulative necrosis from the tenth thoracic segment is 
demonstrated, No cellular reaction has taken place in or around the necrotic tissue. 
(x 140.) (Hematoxylin van Gieson.) 

Fic. 11.—The anterior grey horn of the third lumbar segment is represented; 
the ventral part lies to the right of the photomicrograph. It exhibits swelling and 
chromatolysis of the nerve cells and thick-walled vessels scattered beiween them. 
To the left in a more dorsal part are very widely dilated veins and a few degenerate 
nerve cells, (x 58.) (Verhofi.) 

Fic. 12.—The relatively undamaged anterior white columns of the third lkimbar 
segment appear at the top right of the photomicrograph; on the bottom left is the 
anterior nerve root. In the thickened leptomeninges between them lie three patent 
veins which drained the undamaged tissue. (x 140.) (Hamatoxylin van Gieson.: 
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THE NEUROLOGICAL IMPORTANCE OF TUMOURS 
OF THE GLOMUS JUGULARE 
BY 
EDWIN R. BICKERSTAFF anp J. S$. HOWELL 


(From the Department of Neurology, United Birmingham Hospitals, and the 
Department of Pathology, University of Birmingham) 


Over one hundred years ago, Valentin (1840) drew attention to a 
small cellular formation lying near the origin of the tympanic nerve 
which, thinking it to be a ganglion, he named “gangliolum tympanicum.” 
In 1878 Krause demonstrated both the highly vascular nature of this body, 
and its histological resemblance to the so-called carotid gland, and sug- 
gested renaming it the “ glandula tympanica.” Watzka (1932) categori- 
cally denied the existence of this structure, but in 1941 its presence was 
re-established by Guild who described “ a hitherto unrecognized structure 
—the glomus jugularis—in man.” This is a flattened ovoid body, measuring 


05 mm. by 0:25 mm., usually found in the adventitia of the dome of 


the jugular bulb _immediately below the floor of the middle ear and ne near 









the ramus tympanicus of the glossophary yngeal nerve. Occasionally there 





are two or more smaller bodies, and one, or all, may be found more distally 





along the canal transmitting the ramus tympanicus, even as far as the 





cochlear promontory. This latter point has been emphasized more recently 





by Guild (1951) who states that glomus formations may also be found 






along the auricular branch of the vagus, though more than half are in 


< 






close relation to the jugular bulb. 





Histologically they closely resemble the carotid body and receive 


blood supply from the ascending ph: uryngeal artery, and innervation from 


the glossopharyngeal nerve. 







In the last eight years interest has been increasing in the neopl asms 





which arise from these structures, since Rosrawasses (1945) tentatively 






suggested that his “ carotid body tumour of the middle ear and mastoid ’ 






might originate in the “ glomus jugularis.” By virtue of their site and 






mode of spread, these neoplasms are capable of producing r striking picture 





of severe neurological disorder, in the advanced case diagnosis being pos- 






sible almost at sight. Despite this fact, they have received little attention 





from neurologists, the vast majority of cases have come under the care 






of aural surgeons, and most reported cases are to be found in the oto- 
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rhino-laryngological or pathological literature. Excellent papers and 
d < ¢c q 

reviews dealing with these aspects have been published by Lattes and 
Waltner (1949), Berg (1950), Terracol and Guerrier (1951) and, in this 
country, Capps (1952). Some confusion exists from the fact that several 
cases have been re-described by different authors, but we have been able 
to find records of 87 separate definite cases, variously described as “ carotid 
body tumours of the middle ear,” “ tympanic body tumours,” “ non- 
chromaffin paragangliomata,” and “tumours of the glomus jugulare,” the 
last designation being mentioned as etymologically correct by Lattes and 
Waltner (1949), and is adopted here. Many other probable cases have been 
published in the past as angiomata of the middle ear or tympanic cavity, 
hemangio-endotheliomata, granular cell myoblastomata, and angio- 
fibromatous polyps, while other proven cases are known to have been seen 
but not reported. 

It is the purpose of this paper to describe three cases showing extensive 
neurological disorder, and by a study of these, together with previous 
cases from the literature, to define the clinical picture with special reference 
to the neurological aspects. 

Case Reports 

Case 1.—E, P., female. Admitted te the Queen Elizabeth Hospital, Birmingham, 
on February 1, 1953, aged 66. 

\t the age of 24 she first noticed a pounding noise in the left ear, which attri- 
buted by her to a mild head injury, persisted over the succeeding forty-two years 
iccompanied by very slowly increasing deafness in that ear. 

Sixteen vears before admission she had an attack of pain in the throat, and 
nine years later, pain in the left ear, This was thought to be an acute infection 
though the pain was not very severe, The drum was pierced and some weeks later 
a polyp appeared in the external meatus, Excision was attempted in the out-patient 
department, but such profuse and prolonged hemorrhage occurred that she was 
admitted to hospital (Selly Oak Hospital, Birmingham) and a transfusion given. 
In the seven years following this, blood had spurted from the ear on several occasions 
during coughing or sneezing. 

When aged 65 her voice became hoarse, and the left side of the face became 
weak. She could not close her left eye, and on looking to the left she saw double. 
In addition, she noticed her sense of taste had become defective. Two months prior 
to admission she became unsteady in gait, and reeled towards the left side. 

On admission examination showed no abnormality in the heart, the respiratory 
system, or the gastro-intestinal system. 

There was a left-sided unilateral exophthalmos, with chemosis, This was non- 
yulsatile and there was resistance to backward pressure on the orbit. 

I rwe . . . . . 

Che lobe of the left ear was raised by a post-auricular swelling, situated below 
the mastoid, measuring approximately 3 cm, across, its upper limit not being 
defined. This mass was pulsating sufficiently to move the lobe of the ear, and a 
systolic thrill was present on palpation. There was a pulsatile swelling behind the 
left tonsillar fossa. 

In the external meatus there was a red pulsatile mass, obscuring the drum, and 
apparently projecting forwards from the posterior wall of the external canal. 
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A loud svstolic bruit was audible over the post-auricular mass, the mastoid, the 
temporal bone and the cheek, 

Examination of the central nervous system showed slight venous engorgement 
in the left fundus, but normal visual acuity and fields. The left masseter was weak: 
the left external rectus was paralysed. There was a total left-sided lower motor 
neurone facial palsy, The left ear was deaf, but bone conduction. though reduced, 
was still present. The left side of the palate, pharynx, and the left vocal cord were 
paralysed, while the trapezius and sterno-mastoid were weak on that side. The left 
half of the tongue was wasted, and it was protruded to the left (fig. 1, Plate XV). 

There was a mild degree of ataxia of the left arm, and a very much more severe 
ataxia on the left leg, with a lesser degree of ataxia of the right leg. The gait was 
very unsteady with a tendency to fall to the left 

The tendon reflexes were slightly increased on the right side, but all forms of 
sensation were normal. 

Radiographs of the skull showed extensive erosion of the petrous bone on the 
left, with bone destruction in the region of the jugular foramen, and erosion of the 
left side of the occipital bone. The posterior clinoids were greatly decalcified. There 
Was striking accentuation of the vascular markings on both sides of the skull (figs. 2 


and 3). 

Cerebrospinal fluid examination was not carried out at this hospital, and the 
patient was deemed too ill for arteriography. She was given a course of deep X-ray 
therapy. and though at first there seemed to be some improvement in the degree 
of exophthalmos, this was only short-lived; all her signs became worse; she 
developed severe dysphagia, a bronchopneumonia, and died on March 17, 1953, 


forty-two vears after the onset of her symptoms 


PATHOLOGICAL EXAMINATION 

External examination.—The left eye showed proptosis and there was 
a swelling high up in the neck on the left side, There were no other 
remarkable external features. 

Neck.—On reflection of the left sternomastoid muscle the upper half 
of the internal jugular vein was seen grossly distended with solid material. 
On opening the vein this material was seen to be tumour covered with a 
thin, smooth layer of blood clot. It was mobile and unattached to the 
vessel wall except in the region of the jugular bulb. The left common, 
internal and external carotid arteries were normal throughout. 

Two purple red tumours were present in the upper part of the neck. 
These were continuous with each other deeply and were intimately related 
to the upper part of the jugular vein. They were partially covered by the 
mastoid process and sternomastoid muscle and extended posteriorly 
beneath the occipital bone and anteriorly to the styloid process. 

Cranial cavity.—Removal of the brain revealed a tumour which had 
spread widely from its attachment in the region of the left middle ear. It 
partially filled the left middle and posterior cranial fossz, extending 
medially almost to the foramen magnum and encroaching upon the 
superior part of the clivus (fig. 4). It consisted of purple-red grape-like 


masses which were friable and vascular. Parts of the tumour still retained 
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a covering of dura mater, but in other parts the tumour had eroded 
through this and lay in direct contact with the brain substance. Extensive 
local bony damage had been caused. Both the petrous and squamous 
parts of the temporal bone had been eroded and reduced in places to 
ege-shell thickness. The tumour had widely expanded the margins of the 
jugular foramen, and passed through this to become continuous with the 
mass in the neck. By erosion of the greater wing of the sphenoid the orbital 
cavity had been invaded and the eye pushed forwards. The external 
auditory meatus was filled with tumour continuous with the main mass. 

Meninges.—The tumour described within the lumen of the jugular 
bulb was also invading the left sigmoid sinus (fig. 5). The left superior 
and inferior petrosal sinuses were filled with tumour throughout their 
length and it extended from these into the left cavernous sinus and sella 
turcica. 

Brain (fig. 6).—The left cerebral hemisphere was smaller than the right 
and showed venous congestion on its surface. On the inferior surface, 
the posterior part of the left temporal and the occipital lobe were deeply 
indented, although no actual invasion was seen. The medulla was pushed 
over to the right with some stretching of the left cerebral peduncle. There 
was pressure atrophy and distortion at the junction of the pons and the 
left middle cerebellar peduncle. The upper brain-stem was pushed to the 
right, the ventral surface being slightly rotated to the left. The left lobe 
of the cerebellum was very compressed and atrophic. It had been forced 
over to the right slightly behind the brain-stem and upwards into the cleft 
between the cerebral hemispheres. 

Other organs.—The right auricle and ventricle of the heart were dilated; the 
left side and all four valves were normal. The lungs showed minimal emphysema, 
bilateral basal congestion and a terminal bronchopneumonia. The only other 
abnormal] features present were a uterine leiomyoma and an endometrial polyp. 
Despite the widespread vascular involvement with tumour no gross visceral 
metastases were found. 

Histology (fig. 7..—The tumour was composed of large “epithelioid” 
cells arranged in a loose alveolar pattern (fig. 7a). The cytoplasm was abun- 
dant and eosinophilic, some cells having eosinophilic granules present. 
The nuclei were fairly uniform, and were large and vesicular with promi- 
nent nucleoli. No mitotic figures were seen. In all areas there was a 
prolific capillary network with an occasional larger vessel. The capillary 
walls were all formed by a single layer of endothelial cells, but in some 
instances were lined by tumour cells. Extending between nests of cells 
was a delicate, sparse stroma of collagenous fibrils revealed by van Gieson’s 


stain (fig. 7b). 
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Reticulin stains showed a rich argyrophilic network arising from the 
larger blood vessels. These fibres extended between nests of cells cutting 
them off from each other. They did not extend between individual tumour 
cells and thus gave a distinctive appearance (fig. 7c and d). 

Sections from the temporal bone showed active bony absorption and 
replacement by tumour. The cells were more closely packed than those 
described above and, in addition, they could be seen invading attached 
muscle. Again no mitotic activity was seen. 

Fat stains revealed no demonstrable fat. The tumour was not tested 
with potassium dichromate for chromaffin activity. 

The pathological appearances are characteristic of tumours of the 


glomus jugulare. 


Case 2.—W. C., male. Admitted to the Queen Elizabeth Hospital, Birmingham, 
on March 10, 1952, aged 49. 

Five years before admission the patient noticed slowly increasing impairment 
of hearing in the right ear. Believing this due to wax he made a point of cleaning 

out regularly and this, on one occasion, resulted in bleeding which continued 
for several hours. During the next four years similar bleeding on minor interference 
recurred on several occasions, and on this account an aural examination was carried 
out at the age of 47, when a bright red polyp was seen in the external meatus. 
This was untouched until two vears later when, following further bleeding, an 
excision was attempted. The operation could not be completed owing to profuse 
hemorrhage, which necessitated his admission to hospital. 

Following microscopic examination of the polyp, a course of deep X-ray therapy 
was given, the polyp almost disappeared, and no further bleeding occurred. Three 
months afterwards a weakness of the right side of the face developed. He did not 
complain of tinnitus, dysphagia, disturbance of taste, hoarseness, or any disability 
of the limbs. Seen at that time by Dr. Michael Jefferson he was thought to have 

mild dysfunction of the ninth, tenth and eleventh nerves on the right. 

In early 1953 (aged 50) he was examined at the Neurological Clinic, No abnor- 
mality was discovered in the heart, respiratory system, or abdomen, He complained 
of troublesome twitching of the right trapezius 

His right ear showed a thickened, opaque drum, and a small greyish, scaling 
protrusion into the meatus, anterior to the drum, and on the posterior wall of 
the canal. This was not pulsating. There was no audible bruit over the mastoid, 
skull, or neck. 

In the central nervous system there was no abnormality of the upper cranial 
nerves. There was a right lower motor neurone facial palsy, and a right-sided mild 
middle-ear deafness with good bone conduction, The palate moved to the left on 
phonation, and there was diminution of sensation on the right half of the palate 
and pharynx. The vocal cords were not examined, but the voice was noted to be 
hoarse. The right trapezius was wasted and weak, and the muscle twitched 
repeatedly. The tongue deviated slightly to the right. It was thought also that 
there was some wasting of the supra- and infra-spinati, with slight winging of the 
right scapula. There was a slight ataxia of the right arm and leg, but the nervous 
svstem was otherwise normal. 
Histology of the aural polyp 


The tissue was partially lined by a laver of intact 
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squamous epithelium. The basic cell type, and the arrangement of the cells, together 
with the great vascularity, were essentially the same as in Case 1. Again no mitotic 
figures were seen. This tumour, however, contained areas of fibrosis and inflam- 
matory cell infiltration. 

There were no special reticulin stains available, but the tumour was undoubtedly 
one of the glomus jugulare type. 


Case 3.—F. H., female. Admitted to the Massachusetts General Hospital, Boston, 
in August 1951. Aged 54. 

At the age of 25 she developed a “ blowing” noise in the left ear, and two 
years later this ear became deaf, and discharged intermittently. At age 29 a polyp 
was discovered, which recurred despite two resections during the next eight years, so 
that a further removal was attempted when aged 37, resulting in very profuse 
hzmorrhage. A radical mastoidectomy was then carried out, but none of the 
features of the middle ear could be distinguished owing to hemorrhage, and no 
bone was felt in the medial wall. Following this operation there was a transient 
left facial palsy. 

In the next four years further attempts to clear the external meatus resulted in 
further hemorrhage, and on one occasion this occurred spontaneously while 
sneezing. The external canal was filled by a red, smooth, pulsating mass, and 
radiography showed bone destruction in the region of the jugular foramen. A 
cerebrospinal fluid examination showed 100 mg. of protein per 100 ml. Another 
attempt at removal of the polyp again resulted in severe bleeding, and a biopsy 
specimen taken at this time was thought to be from a hemangioma. 

Later that vear, at the age of 41, the tinnitus developed a roaring quality, her 
face became distorted, and her voice hoarse. Given deep X-ray therapy, there was 
no progression for eleven years, after which she had a series of attacks of vertigo, 
became unsteady in gait, and developed dysphagia with regurgitation of fluids down 
the nose. These symptoms increased for two years, and she developed left parieto- 
occipital headaches. 

Examination at age 54 revealed no abnormality in the heart, lungs or abdomen 
The polyp was still visible in the left ear. There is no note of any bruit. The 
central nervous system showed no abnormality of the upper cranial nerves. There 
was a lower motor neurone facial palsy on the left, deafness of the left ear, and 
paralysis of the left side of the palate, the pharynx, and the left vocal cord. The 
sterno-mastoid and trapezius were weak on the left, and the tongue was wasted 
on the left and deviated to that side. Her limbs were ataxic, but there were no 
reflex or sensory changes. The external carotid artery was enlarged and pulsated 
violently. 

Radiography showed widespread erosion of the jugular foramen and the petrous 
bone. Cerebrospinal fluid examination showed a pressure of 400 mm. with a 
protein of 416 mg. per 100 ml. 

Open arteriography was performed by Dr. Louis Bakay. The external carotid 
was greatly enlarged, and the veins enormously dilated, but not pulsating. The films 
showed displacement of the internal carotid at its point of emergence from the 
carotid canal, and adjacent to the petrous bone an extensive collection of the dve 
in fine vessels. 

The external carotid artery was tied; further radiotherapy given, but by Sep- 
tember 1952 there had been no definite improvement, 

It has not been possible to confirm the diagnosis by re-examination of the biopsy 
specimen in this case, but with so characteristic a history it seems hardly possible 
to entertain any other diagnosis. 
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ANALYSIS OF CLINICAL Data 

In order to define the clinical manifestations of these tumours 87 
cases from the literature have been analysed together with the 3 reported 
here. Clinical details are not consistently good in all cases, and some 
signs and symptoms may be much more common than is apparent. Only 
undoubted cases of glomus jugulare tumour have been included, though 
at least 35 further probable cases have been reported under other diagnoses, 
and references to most of these are to be found in Berg (1950) and Terracol 
and Guerrier (1951). 

Age, sex, and side affected—The age was given for 87 of the 90 
patients. 57 were over 40 at the time of diagnosis, 37 of these being over 50. 
Extremes have been 17 and 81. Most of the 30 younger patients are among 
those more recently reported. Of the 35 cases showing severe neurological 
disorder, 23 were over the age of 40. 

Sex is given 89 times and 70 of these were women (78 per cent). 

The side is recorded 79 times, 49 being on the left, and 30 on the right. 

Length of history.—The time from onset of first symptoms to diagnosis 
is given in 8+ patients, and in 43 it was over ten years, in 17 being over 
twenty years. One-third of those with severe neurological disorder had a 
history of over twenty years, and two-thirds over ten years. More recently 
reported cases have been diagnosed earlier. 

Early symptoms.—In the vast majority of cases, 86 of the 90, the earliest 
symptoms have been aural, but non-specific in nature, consisting of strictly 
unilateral gradually increasing deafness accompanied by noises in the 
affected ear, which are often pulsatile, rushing or roaring. Otorrhoea was 
present in 33 of the 90 cases and the discharge often foul. 

Aural pain was less common (22 cases) and vertigo present in only 19. 

Examination of the ear has shown redness and perhaps bulging of the 
posterior-inferior portion of the drum (14 cases), or, most commonly a 


polyp in the external canal (71 cases) which may have only appeared after 


a myringotomy has been performed on a bulging drum. The polyps have 


been bright red and pulsating, or greyish and non-pulsating. 

Aural hemorrhage.—In 65 cases (72 per cent) profuse, almost uncon- 
trollable, hemorrhage has resulted from simple operative treatments of 
either the polyp or the middle ear, and in 23 of these there has been 
spontaneous aural hemorrhage during coughing, sneezing, or washing the 
ear. 

Signs of neurological involvement.—The unilateral paralysis of the 
lower cranial nerves has been the outstanding neurological feature. 58 of 
the 90 patients (65 per cent) had paralysis of one or more of the lower 
cranial nerves other than the eighth. It is not clearly stated how often 
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the acoustic nerve was itself involved—it- was certainly defective in 41 
cases, but probably was partially involved in a greater number. There 
was facial paralysis in 53 cases, and this was the only neurological mani- 
festation in 19, while on five occasions the paralysis followed an operation 
on the polyp or middle ear. 35 patients had paralysis of some or all of 
the ninth to twelfth nerves, but on five occasions only were these affected 
in the absence of facial palsy. The lowest nerves were usually involved 
together, the glosso-pharyngeal thirty-two times, the vagus thirty times, 
the accessory twenty-five times (often not examined) andl the hypoglossal 
thirty-one times. The trigeminal (10 cases) and abducens (8 cases) were very 
much less frequently affected. 13 of the 35 patients who developed para- 
lysis of the nog cranial nerves had a history of less than five years from 
first symptoms, 13 had ; 1 history of over ten years, 7 over twenty. One 
case had had a a on for thirty-five years before other neurologic al 
manifestations appeared (Graf 1950). 

Other signs of neurological disorder have been mentioned less com- 
monly. Ipsilateral ataxia, and ataxia of gait with falling to the same side, 
have been recorded ten times only. These symptoms were present in all 
3 of our patients, and would probably be more frequent if fuller neurolo- 
gical examinations were reported. Pyramidal tract dysfunction is rare, 
occurring five times, the abnormal signs being on the contralateral side. 
Cutaneous sensation on limbs and trunk, and proprioceptive sensation do 
not appear to have been affected. 

Signs of increased intracranial pressure were present on four occasions 
only. 

Intracranial bruit.—A loud systolic bruit was audible over the mastoid, 
temporal bone and cheek in our Case | and in nine other cases. The 
possible reason for the infrequency of this finding is discussed later. 

Presentation of the tumour in the neck.—On eight occasions a pulsatile 
mass has appeared below the mastoid and behind the ear. In three ot 
these there was a palpable thrill. The cervical extension measured as much 
as 22 cm. in Case 2 of Terracol and Guerrier (1951). 

In our Case 1, and in Case 3 of Weille and Lane (1951) a pulsating 
tumour appeared in the nasopharynx, biopsy in the latter instance result- 
ing in severe hemorrhage. 

Associated glomus tumours in other sites—10 patients had co-existent 
tumours of the carotid body, several of these being bilateral. 

Case 10 of Bartels (1949) had, in all probability, bilateral glomus 
jugulare tumours. 

The Cerebrospinal fluid——This has been reported on three occasions 


only. In two it was normal. In our Case 3 there were two examinations, 
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the protein being 100 mg. per 100 ml. at the first, and 416 mg. per 100 ml. 


at the second. Heathfield (1953) states that in two personal cases figures of 
60 mg. and 20 mg. were obtained. In the second of these there were 4 
cells per c.mm. and in our Case 3 8 cells per c.mm. 

Radiographic Appearance—Dimness or clouding of the mastoid air 
cells, and erosion of the petrous bone has been recorded on 21 occasions 
each. Enlargement of the jugular foramen often accompanied the petrous 
erosion, and thinning of the occipital bone in advanced cases, such as our 
Case 1. 

Arteriography has been practised three times—in each there was a 
hazy mass of fine vessels lying adjacent to the petrous bone. On two other 
occasions it has been attempted, but no satisfactory result obtained for 
reasons which are not clear. 

Treatment.—Operations were performed on 60 of the 90 patients, 
mastoidectomy fifty-three times and posterior-fossa craniotomy seven 
times. 2+ of the 53 patients having mastoidectomy were completely cured 
at follow-up periods ranging from two to sixteen years, though removal 
had been incomplete in 10, deep X-ray being given post-operatively, but 
only twice was this operation performed on patients showing involvement 
of nerves other than the seventh or eighth. 16 patients had recurrence, 3 
despite additional radiation. 8 patients died as a direct result of the opera- 
tion, severe hemorrhage being the main contributory factor. 

Four tumours are stated to have been removed at craniotomy but it 
is uncertain if removal was complete. Hemorrhage made removal impos- 
sible in 3, and | died during the operation. 

Radiation alone was given to 11 patients, and it is not clear how satis- 
factory were the results. 3 are classed as “ good,” 4 as “ improved ”; in 
2 there was no change, and 2 died under treatment. 

Prognosis.—20 patients are known to have died, 8 following operation 
at which there had been severe hemorrhage. 3 died of “meningitis” or 
intracranial hemorrhage. Our Case | died from brain-stem compression 
and broncho-pneumonia and this may have been so in others where the 
cause of death is not specified. The time from first symptoms to death 
was less than ten years in 6 cases only, and 3 of these died following 
operation. 6 lived between ten and twenty years, and 7 over twenty-one 
years. 

In 16 of the 20 patients who died, there was extensive neurological 
involvement, the remaining 4 being post-operative deaths. The majority 
of the fatal cases died within two years of the development of lower 
cranial nerve involvement, but 2 cases of Bartels (1949) lived eight and 
ten years, and one of Graf (1950) for sixteen years. 
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Discussion 

Nests of cells, all histologically similar to the carotid body, are now 
known to exist normally, not only at the bifurcation of the common 
carotid artery, but also in the adventitia of the ascending aorta, in the 
arch, or in the innominate artery; in the ganglion nodosum of the vagus 
nerve; in the adventitia of the jugular bulb or along the course of the 
tympanic nerve (the glomus jugulare), and, in chimpanzees, in the orbit, 
in relation to the ciliary ganglion (Lattes and Waltner, 1949). These 
authors consider them all to be homologous parts of a system consisting 
of masses of non-chromaffin tissue closely associated with the parasym- 
pathetic and its ganglia — the third, ninth and tenth cranial nerves. 
Excepting the orbit, tumours arising from each of these sites have now 
been described (Lattes. 1950), and though the carotid body tumours are 
best known, those arising from the glomus jugulare can no longer be 
considered very rare, and are being recognized in increasing numbers. 

These latter tumours show a striking predilection for the female sex, 
the ratio being + : I, in contrast to the carotid body tumours, which 
occur approximately equally in either sex (Sonck, 1946). No satisfactory 
explanation has been offered for this, nor for the fact that, in the cases 
so far reported, the left ear has been more frequently affected than the 
right, in the ratio of 3: 2. 

The exact site of the cell nests related to the jugular bulb and the 
middle ear varies in different individuals (Lattes and Waltner, 1949; Guild. 
1951). This makes it possible to explain the differing clinical manifesta- 
tions which are found, for a tumour arising from cells situated under the 
mucosal covering of the promontory in the middle ear is more likely to 
advance from an early stage into the cavity of the middle ear and to the 
external meatus, producing aural symptoms alone, than one arising in 
the adventitia of the jugular bulb, which would have equal opportunity 
to involve the related cranial nerves. Bearing this in mind it is possible 
to classify these neoplasms into four main clinical groups. 

Group I—Aural symptoms only.—This constitutes the largest group— 
49 cases—and is made up of those patients least likely to come to the 


attention of the neurologist. It is most probable that these patients had 


tumours arising near the cavity of the middle ear and producing some- 
what non-specific symptoms of unilateral gradually impairing hearing, 
together with tinnitus, though the vascularity of the tumour results in 
the noise being described as a pounding, rushing or roaring, rather than 
a ringing or buzzing. Otorrhoea is less frequent, but when present, the 
discharge may be foul-smelling. Vertigo occurs infrequently. It is notable 
that aural pain is uncommon, but a striking feature is the tendency to 
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aural bleeding on coughing, sneezing or straining, or on simple inter- 
ference such as washing the ear. On aural examination the drum may be 
reddened, bulging or pulsating in the postero-inferior portion. Myringo- 
tomy is accompanied by profuse hemorrhage. Following this a polyp 
may grow through the drum and appear red and pulsatile in the external 
meatus (for coloured illustrations, see Capps 1952), or, alternatively, the 
tumour may spontaneously erode into the external meatus, covered by a 
layer of squamous epithelium, grey in colour, and having the appearances 
of a simple polyp. In either event biopsy or attempted excision will 
result in severe hemorrhage. X-rays may show dimming of the mastoid, 
mastoidectomy may be undertaken, and again the operation be greatly 
hindered by massive bleeding. However, if clearance of the middle ear 
is achieved, and particularly if radiotherapy is given in addition, this is 
the stage at which complete eradication is possible, and details of operative 


technique are given by Weille and Lane (1951). 


The only sign of neurological disorder at this stage is a facial nerve 
: CE —— 
paralysjs. This is common enough in middle-ear disease not to be con- 


Ss 


sidered a specific sign, but it may be of sudden enough onset to bring 
the patient before a neurologist as an example of Bell’s palsy, when care- 
ful attention to the history of aural symptoms and ear examination should 
raise suspicion as to the true diagnosis. 

As knowledge of these neoplasms increases this group will probably 
outnumber the others for it is the group of early diagnosis and treatment. 

Group 1l1—Neurological involvement developing many years after aural 
symptoms.—In this group of 20 patients a period of at least ten years 
elapsed between the onset of aural symptoms and the development of 
neurological disorder. In 7 of the 20 there had been a history of over 
twenty years. It is probable that these tumours also arise distally 
along the tympanic nerve, but erosion has progressed through the petrous 
bone and jugular foramen to invade the extradural space. Growth appears 
to occur mainly in a caudal direction so that the ninth, tenth, eleventh 
and twelfth nerves are involved. The patients usually complain first of 
dysphagia and hoarseness and show on examination strictly unilateral 
palatal, pharyngeal and cord paralysis, with wasting and weakness of the 
trapezius and sternomastoid, and wasting of the tongue, with protrusion 
to the side of the lesion. In reported cases the facial nerve had, by this 
stage, already been paralysed in all but 5, but it is very much more rare 
for the sixth or fifth nerves to be involved, though as shown by our Case 
1, the tumour may extend very far forwards, even to invade the orbit and 
produce unilateral exophthalmos. Despite this it is very uncommon to 
find signs of increased intracranial pressure, or of pressure on the long 
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tracts in the brain-stem. As the tumour expands it is likely, however, to 
compress the under surface of the lateral lobe of the cerebellum, and 
produce an ataxia of the limbs. 

If aural symptoms have been slight, or if the patients have become 
accustomed to them over many years, they may not volunteer this 
essential information and close questioning will be required to elicit the 
details mentioned in Group I. 

Two other features may now be present — by virtue of downward 
growth the tumour may present in rt neck, high behind the angle of the 
jaw and antero-inferior to the mastoid, where it may be felt as a pulsatile 
mass with a palpable thrill, the mass possibly being in a position to trans- 
mit its pulsation to the lobe of the ear. Secondly, either over this mass, 
or if none be present, over the mastoid, the temporal bone or the cheek, 
there may be, to auscultation, a systolic bruit. That might be more fre- 
quently mentioned if routine skull auscultation were more commonly 
performed. 6 of the 10 cases, in whom a bruit is reported, have come 
from neurological departments. 

Radiography_of this group will show. _crosion of the—petrets—bone, 
enlargement of the jugular foramen, and possibly thinning of the occipital 


bone. Spin: al Huid examination nic iy “show a high protein, but it may _be 
normal. 

The disease in this and the following group has extended beyond the 
stage of surgical remedy, and the patient’s main hope must lie in radia- 
tion therapy, assisted perhaps by ligation of the external carotid artery, 
which gives blood supply to the normal glomus jugulare. 

Group II1l—Neurological and aural symptoms developing concurrently. 
—For purposes of classification patients are included in this group whose 
neurological manifestations have been discovered within five years of the 
onset of aural symptoms, but the great majority of these 17 patients have 
had a history of less than three years. It seems probable that the tumours 
in this group arise near the origin of the tympanic nerve and are capable 
of involving both cranial nerves and middle ear by spreading in both 
directions simultaneously. Even here, however, the onset is with aural 
symptoms, but if the patient is only seen when the neurological signs are 
present, the close time relationship between the two will suggest to the 


examiner that they are etiologically associated. All the remarks in the 


previous paragraph apply to this group, though the course is a more rapid 


one and there is greater danger of brain-stem compression. 

Group IV—Neurological manifestations appearing before aural 
symptoms.—This is the smallest group—+ cases only having been reported 
so far—but it constitutes a very important one, for these patients will 
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present to the neurologist without any help being available from the past 
history. 

Revilla (1948) describes a patient who had hoarseness and dysphagia 
for two years before deafness developed, and who ten years later showed 
signs of a_right posterior fossa_tumour_with papilloedema and _paralysis_ 
of sixth_to_twelfth cranial nerves. A cerebello-pontine angle exploration 
resulted in profuse hemorrhage and death. No aural polyp or hemorrhage 
is recorded, but the nature of the tumour was histologically verified. 

Graf (1950) records the case of a 24-year-old woman who had dysphagia 
for three years and a dropped shoulder for two years before the pulsatile 
tinnitus and deafness began. Only a minute hemorrhagic tumour was 
found in the middle ear and presumably the main extension had been 
intracranial. In another, a 68-year-old man, there had been a facial 
palsy for thirty-five years; trigeminal pain developed nine years later, but 
no aural symptoms for nineteen years, when a hemorrhagic polyp 
appeared. 

Capps (1952) records the case of an 18-year-old girl who had had 


hoarseness for two to two-and-a-half years before tinnitus and deafness 


developed: a facial palsy then appeared, followed by diplopia a month 
later. The sixth to the twelfth nerves were paralysed on the left—and 
examination of the ear showed a bright red hemorrhagic tumour in the 
floor of the middle ear. 

These are presumably tumours arising near the jugular bulb which 
tend to involve the adjacent nerves first. Even in these cases, however, 
except for the first, the tumour presented finally in the ear and with 
increased knowledge of the condition might have been detected at an 
earlier stage. In fact some symptoms referable to the ear have been 
present in every reported case. 

The pathological appearances of these tumours have been similar in 
all cases. variations being mainly in the degree of cellularity, and the 
richness of the vascular network. Many biopsy specimens from aural 
polyps have shown coverings of squamous epithelium (e.g. our Case 2), 
and the typical histological appearances have been visible only in the 
deeper layers of the specimen. The main features are well shown by our 
Case 1, and have been described at length by Lattes and Waltner (1949), 
Berg (1950), and many other w riters. It is not proposed to repeat the 
descriptions here, nor to review the aural tumours which have in the 
past been poorly separated from each other, for this is done very ade- 
quately by Berg (1950). 

To the neurologist the crucial factor in differential diagnosis lies in 
the association of unilateral lower cranial nerve palsies with an aural 
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growth which, in the great majority of cases, is profusely haemorrhagic, 
the hemorrhage being either spontaneous, on interference with an aural 
polyp, or on exploration of the middle ear. 5 patients only, showing 
neurological signs, are exceptions to this rule. Case 2 of Poppen and 
Riemenschneider (1951) had no haemorrhagic manifestations, but there 
was a pulsating tumour anterior to the mastoid. The case of Revilla (1948) 
had no hemorrhage until the cerebello-pontine angle was explored. 2 
patients of Bartels (1949) had no aural bleeding, but both had aural symp- 
toms, both had the appropriate cranial nerve palsies, one had a co- 
existent carotid body tumour, and both were close relatives (brother and 
nephew) of an already known case of glomus jugulare tumour. This 
paper brings out the potential familial occurrence of these tumours, and 
it is fairly certain that the earlier paper of Goekoop (1933) deals also 
with glomus jugulare tumours, illustrating their occurrence in siblings. 

Considering other possible causes of unilateral lower cranial nerve 


paralysis, basal_meningiomata, _metastatic 4 raul __the basal 


meninges, syphilitic meningitis, acoustic neurinomata, neurinomata of the 
ee eel 


ninth, tenth, eleventh or twelfth nerves, and intrinsic_unilateral lesions of 
———— TY 
the lower brain-stem, are all excluded by_the he external aur al ese 
out such symptoms, ial preneeies may be difficult, but ea tumours 
rarely cause involvement of the fifth nerve, rarely complete nerve deafness, 
rarely signs of obstructive hydrocephalus and stem compression and there 
may be a bruit. Pain, rare in the glomus tumour, is a _prominent feature 
plomus tun rormminent Teak 


of primary tumours of the base_of the skull and_ the ‘more anteriorly 


ct ) 
placed nerves are earlier affected. at 
to_invelvethe lowest group of nerves until very late-when-obviers-signs 
ofthe primary tumour are present. 

Vascular anomalies may cause more difficulty. Vertebral aneurysms 
tend to involve the brain-stem at a higher level. have no aural hemorrhage, 
_and of 75 cases reviewed by Yaskin and_ Alpers (1944) one only had 
bruit. A racemose arteriovenous aneurysm was seen recently in this 
department, presenting with unilateral paralysis of the lower cranial 
nerves and a bruit, but there were no external aural signs. The “angioma” 
producing lower cranial nerve palsy described by Cushing and Bailey 
(1928, Case IL) was almost certainly a glomus tumour. 

Symonds (1927, 1944, 1952) has emphasized how aural infection may 
be followed by unilateral cranial nerve palsy, including the lowest group, 
due to thrombophlebitis of the inferior petrosal sinus. Profuse aural 
hemorrhage is not, however, a feature, and though this author’s Case IV 


of 1927 had both these cranial nerve palsies and an aural polyp, biopsy 
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of this was reported as an angioma, and it is likely that this also was a 
glomus tumour, a view with which the author concurs (Symonds, 1953). 

There is no doubt that once the lower cranial nerves are involved the 
prognosis is poor, and death usually occurs within two years, either from 
inhalational bronchopneumonia, brain-stem compression, or, rarely, sub- 
arachnoid hemorrhage. Even in the most rapidly growing tumours, 
however, evidence of malignancy is scanty. 2 cases have shown metastases 
to glands in the neck (Winship et a/., 1948; Poppen and Riemenschneider, 
1951), and one to the liver (Lattes and Waltner, 1949), and it is some- 
what remarkable that dissemination does not occur more frequently in 
view of the presence of tumour actually within the lumen of the jugular 
vein in our Case | and Case 2 of Terracol and Guerrier (1951). 

Dockerty et al. (1951) stress the importance of not confusing metas- 
tases with co-existent glomus tumours at other sites. There are ten 
records of glomus jugulare and glomus caroticum tumours, the latter 
sometimes bilateral, occurring in the same patient. It has been suggested 
by Lattes (1950) that, if the various glomus formations represent different 
parts of one system, the stimulus to tumour formation may well affect all 
—and the remarkable case described by that author in which there were 
separate tumours in the ganglion nodosum, the carotid body, and the 
aortic arch tends to support this view. 

The precise function of these glomus formations is uncertain, but it 
is clear from the use of special stains (Lattes and Waltner, 1949, and 
others), that chromaffin tissue is absent, thus distinguishing them from 
the sympathetic paraganglia. In only one case (Terracol and Guerrier, 
1951), has there been any suggestion of hypertension being in any way 
related to the glomus jugulare tumour, and this on very tenuous evidence, 
which contrasts strikingly with the phzochromocytomata of the adrenal. 

For one of us (E. R. B.) to have seen 3 cases in one year suggests that 
they cannot be as uncommon as is generally thought. However, increas- 
ing knowledge of the condition is resulting in earlier diagnosis by aural 
surgeons, earlier more effective treatment, and fewer patients passing into 
Group II, so that the neurologist, in future, is more likely to see cases 
limited to the last two groups, and in the least satisfactory stage for 
successful treatment. When the ear, the petrous bone, and the extra- 
dural space are infiltrated, surgery has little to offer, for anything other 
than total removal is likely to be extremely hazardous as a result of 
hemorrhage. The combination of external carotid ligation and deep 
X-ray therapy appears to offer the greatest hope for patients who will 
otherwise die from a slowly growing, benign neoplasm, which owes the 


gravity of its prognosis to the site of its origin. 
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SUMMARY 

Only in the last eight years have tumours of the glomus jugulare been 
recognized, though many have previously been described under other 
diagnoses. 

Three examples of this tumour are described in detail, and an analysis 
given of 90 published cases. 

Over one-third show extensive unilateral lower cranial nerve paralysis, 
without signs of brain-sterm compression or obstructive hydrocephalus 
until a very late stage. 

The mode of progression varies in individual cases, and four clinical 


groups are described. 


The diagnostic importance is stressed of the usually long history of 


aural symptoms, with special reference to recurrent highly haemorrhagic 
polyps in the external meatus. Some cases are, however, rapidly progres- 
sive, and in others neurological symptoms precede aural symptoms. 

Surgical eradication is possible at a stage before neurological signs, 
other than a facial palsy, develop. Deep X-ray therapy may cause some 
amelioration at a later stage. 

Early diagnosis is essential to prevent a fundamentally benign tumour 
from having lethal effects due mainly to its site of growth. 
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POPPEN, 


Since this paper was completed 7 further cases have been described 


in this country, | by Gaffney (1953) giving a review of the literature up 
to early 1952, and 6 by Henson, Crawford and Cavanagh (1953). 4 of these 


6 had extensive unilateral lower cranial nerve palsies, all had aural polyps, 
+ had bruits, and 4+ had a high protein content in the cerebro-spinal fluid. 
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2 had tongues of tumour within the lumen of the jugular vein, as in our 


Case 1, and | developed widespread metastases. 


Garrney, J. C. (1953) J. Path. Bact., 66, 157. 
Hanson, R. A., Crawrorp, J. V., Cavanacu, J. B. (1953) J. Neurol. Neurosurg. 
Psychiat., 16, 127. 


PLATES XV, XVI, XVII 
LEGENDS FOR FIGURES 1—7 


Fic. 1.—Photograph of Case 1, showing exophthalmos of left eye, with conjuncti- 
val injection; left facial weakness; and left hypoglossal paralysis. 


Fic, 2.—Lateral X-ray of skull in Case 1, showing the increased vascular mark- 
ings, erosion of the posterior clinoids, and thinning of the occipital bone in the 
region of the foramen magnum. 


Fic. 3.—Basal view of skull in Case 1. Note the translucency in the left temporo- 
occipital region and gross destruction of the left petrous bone. 


Fic. + (Case 1).—The intracranial extension of the tumour is uncovered by 
removal of the brain, It can be seen to extend medially to the foramen magnum, 
and forwards to the cavernous sinus. The tumour extends under cover of the dura 
through the greater wing of the sphenoid and into the orbit. 


Fic, 5 (Case 1)—Removal of part of the temporal bone shows the continuity 
of intracranial and cervical portions of the tumour, The jugular vein has been 
opened ‘to show tumour tissue lying within the lumen of the vein and the bulb. 


Fic. 6.—Under surface of the brain in Case 1, showing gross compression of left 
cerebellar hemisphere, distortion of brain-stem, and indentation of under surface of 
temporo-occipital lobe. 


Fic. 7.—Histology of tumour from Case 1. (a) showing extreme vascularity of the 
tumour, and the alveolar arrangement of the cells. (H. and E. x 80.) (b) Showing 
background of delicate collagenous fibres. (H. and Van G. x 96.) (c) and (d) Reticu- 
lin stain, showing the characteristic arrangement of reticulin fibres as described in 
text. (x 80 and x 320.) 
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DIABETIC NEUROPATHY 


A Cutnicat Stupy or 150 CasgEs 
BY 


M. MENCER MARTIN 
Department of Diabetes, King’s College Hospital, Denmark Hill, London, S.E. 


INTRODUCTION 

THE first mention of involvement of the nervous system in diabetes 
mellitus appears to be in John Rollo’s book, “Cases of Diabetes Mellitus” 
(1798), in which the author notes the presence in diabetic patients of 
pains and paresthesiz, particularly in the legs, as well as “lumbago and 
sciatica in so great a degree as to deprive of the use of the lower limbs.” 

Before 1850 the frequency of neurological abnormalities in patients 
with “sugar diabetes” led writers to attribute the diabetes to a lesion of 
the nervous system. Marchal de Calvi (1864) first recognized that diabetes 
might be the cause, rather than the result, of the nervous disturbances. 
He described the common occurrence in diabetes of sciatic pain and 
peripheral areas of anzsthesia. The frequent absence of tendon reflexes 
in patients with diabetes mellitus of long duration was recorded by 
Bouchard (1884) and Marinian (1884), and in 1885 Pavy gave a most 
excellent account of the symptomatology of the nervous disorder. In the 
same year Althaus (1885) noted the close resemblance of symptoms of 
diabetic neuropathy with those observed in the initial period of tabes. 

Pryce (1887, 1893) described atrophy of the skin and trophic ulcers, 
and noted the presence of ataxia. He associated the neurological symp- 
toms with degeneration of the peripheral nerves. 

Auche (1890) reviewed the known facts about the connexion between 
nervous disorders and diabetes mellitus and observed that the changes in 
the nerves did not run parallel with the sugar content of the blood or 
urine. Williamson (1904, 1905, 1907) published a number of papers deal- 
ing with the pathological aspect of the subject, and noted the frequent 


loss of vibration sense in the lower extremities of diabetic patients. 


Thus, the majority of the neurological complications of diabetes mel- 
litus had been clearly described by the end of the nineteenth century. 
After the discovery of insulin, the great progress made in the treatment 
of diabetes mellitus led to a renewed interest in the nervous manifestations. 
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In 1929, Woltman and Wilder reviewed the previous work done on 
the pathology of the nerve lesions occurring in diabetes mellitus, and 
reported their own findings in 10 cases. 

Root and Rogers (1930) recorded 11 diabetic patients with weakness 
and muscle wasting, in addition to areflexia and sensory disturbances. 
In all their patients the diabetes had been out of control, with an average 
loss of weight of 40 lb. The authors considered the neuropathy to be 
due to toxic effects, since control of the diabetes led to improvement. In 
1935 Jordan and Crabtree noted paralysis of the bladder associated with 
diabetic neuropathy. 

Jordan (1936) summed up the literature to 1935, and subdivided his 
own series of 226 cases admitted to Joslin’s Clinic with symptoms sug- 


gesting neuritis into four groups — “hyperglycemic,” “circulatory,” 


“degenerative” and “neuritic,” according to his concept of the probable 
etiology in each. 

Many other publications have appeared since (Aring, 1941; Rundles, 
1945; Rudy, 1945; Rudy and Epstein, 1945; Broch and Klovstad, 1947; 


and Gregory and Lindley, 1947). 


Diabetes is a disease of all ages and variable severity, running a course 
of many years’ duration. Peripheral vascular degeneration is so commonly 
associated with the metabolic disorder, that many physicians have con- 
sidered diabetic neuropathy ‘to be the result of sclerosis of the vasa ner- 
vorum. Others have suggested that diabetes mellitus leads to an increased 
utilization of vitamins, and that diabetic neuropathy is a manifestation 
of vitamin deficiency. Rundles (1945) remarked on the antecedent periods 
of gross diabetic neglect in patients developing these complications and 
suggested that the disordered metabolism of diabetes itself was the respon- 
sible zetiological factor. 

In spite of the extensive recent literature on this subject, little progress 
has been made in its prevention or cure. Some of the clinical features 
of diabetic neuropathy are not well recognized and the condition is fre- 
quently overlooked. 

The present investigations were undertaken to elucidate the relation- 
ship of diabetes mellitus to the development of its neurological complica- 
tions, the importance of thiamine deficiency and vascular degeneration in 
their causation and the frequency of autonomic nerve involvement. 

In addition to an analysis of the cases collected, the following investi- 
gations were carried out: 

(1) “Reflex heating” to test the integrity of the autonomic vaso- 
motor nerves. 
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(2) Studies of the functional state of the peripheral arterial tree, 
using the Boulitte oscillometer and ‘“Priscol” vasodilatation. 


(3) Barium meal studies of cases of “diabetic nocturnal diarrhoea.” 


(+) Cystomanometric studies of cases of diabetic neuropathy with 


disturbances of micturition. 
(5) Intravenous pyruvate tolerance tests to assess the relevance of 
thiamine deficiency. 


The cases reported here were patients selected from those attending the Diabetic 
Clinic under Dr, R. D. Lawrence and Dr. W. G. Oakley at King’s College Hospital 
in 1950 and 1951. Cases were chosen in which the symptoms and signs were 
clearly those of neurological disturbance, and patients suffering from other diseases, 
which may give rise to involvement of the nervous system were excluded, 

The criteria for the diagnosis of neuropathy were indisputable signs of involve- 
ment of the nervous system; e.g. loss of tendon reflexes, disturbances of sensibility, 
weakness, paralysis and atrophy of muscles. None of the patients included in thi 
series were in ketosis. 

150 patients with symptoms and signs, satisfying the above criteria, were 
examined during the time of this investigation. 108 (72 per cent) were known 
diabetics at the time of onset of the nervous disorder, The remaining 42 (28 pe 
cent) were not known to have had diabetes mellitus preceding the onset of the 
neuropathy, since it was the manifestations of nerve involvement that led to 
medical examination and the discovery of the diabetes. Yet there was no doubt 
whatever that the metabolic disturbance had been present for a number of years. 
All the patients had noticed mild symptoms, characteristic of diabetes, for some 
years. 35 per cent of the patients in whom the fundus oculi could be examined 
had diabetic retinopathy, which is believed to develop only after at least four years 
of diabetes mellitus (Lawrence, 195la). 


THe Diaseric BACKGROUND 


The diabetic background of our patients with diabetic neuropathy is 
best illustrated by the following 2 case histories: 

Case 2.—A commercial artist, aged 27, seen in October 1950, complaining of 
aching, burning and shooting pains, weakness and numbness in his legs and feet, 
ankle cedema and nocturnal attacks of diarrhoea. 

Diabetes mellitus was discovered in 1937 at the age of 14. He was instructed 
to adhere to a diet and prescribed insulin. 

The patient gradually abandoned the regime which, though giving excellent 
results, became irksome. Although he carried on with his original insulin injec- 
tions, he ate as it pleased him. Except for one attendance in 1946, he was not seen 
again until October 1950. 

For the previous three years the patient had been complaining of cold feet, 
as well as thirst and polyuria off and on. He ate well, and there was no loss of 
weight. His fect had been painful for eighteen months. Early in 1950, he began 
to have attacks of nocturnal diarrhoea, with occasional incontinence, his feet began 
to feel numb and heavy, and swelled about the ankles. At night he was frequently 
disturbed by sharp shooting pains in his lower limbs. Impotence had been present 
for eighteen months. He had noticed absence of sweating about the feet, and tha 
his pulse was always rapid. 

Past history and family history —Nothing of note. 
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When the patient was seen at the Clinic, his urine showed heavy glycosuria and 
his blood sugar at 4 p.m. when a mixed injection of insulin could be expected to 
act maximally was 260 mg. per cent. 

General and neurological examination.—The patient was well nourished. Tongue 
clean, B.P. 130/80. Pulse regular, 100 per minute. Heart, lungs and abdomen 
revealed nothing abnormal. Cranial nerves, pupils and fundi were all normal The 
arms showed no abnormality. The abdominal reflexes were present and equal. 
Inspection of the lower extremities showed the presence of bilateral pes cavus. Weak- 
ness of the left quadriceps femoris and the dorsiflexors of the left foot was ob- 
served. Tone and co-ordination were unaffected. Perception of touch (cotton-wool) 
was impaired below both ankles, and lost over the toes. There was hyperalgesia 
to pin-prick over the distal half of both feet. Vibration sense and position sense in 
the toes were unimpaired. Both knee and ankle jerks were absent. Both dorsalis 
pedes and posterior tibial pulsations were easily palpable. There was no clinical 
evidence of arteriosclerosis. Ankle oedema was marked. 

The cerebrospinal fluid contained one white cell per cmm. Protein 20 mg. per 
cent. Globulin negative, W.R. negative. Lange curve 1100000000. Electrocardiogram 
showed sinus tachycardia, but the tracings were otherwise within normal limits. 
Free hydrochloric acid was present in the gastric juice. Barium meal X-ray showed 
a large gastric resting content at commencement of examination, but no gastric or 
duodenal lesion was found to account for this. Gastric emptying was very much 
delayed. There was some segmentation present in the ileum in the four-hour film, 
but the upper duodenum showed a normal pattern. 

Intradermal injection of 1/1,000 histamine failed to produce a triple response 
(Lewis, 1927), Pyruvic acid tolerance and reflex vasomotor tests were carried out, the 
results of which will be discussed later 

Case 47, a male engineer, aged 60, was referred to the diabetic clinic at King’s 
College Hospital on account of severe pain and weakness in both lower limbs. 
Glycosuria had been discovered on routine urinalysis when the patient attended his 
own doctor for the above complaints, 

Three months prior to examination the patient was awakened one night by 
excruciating pain in his left thigh. The pain gradually spread to affect the whole 
left leg, and later the right thigh, calf and foot. Weakness became marked, the 


patient finding it difficult to climb stairs, or get on or off buses and trams. Both 


his thighs and legs became wasted and he had to use sticks to get about. His legs 
were “full of pins and needles,” and his feet felt numb. The skin over the front 
of his thighs became so sensitive that the patient could not bear to carry anything 
in his trouser pockets. At times his ankles swelled. 

At the age of 54, six years before the onset of the present illness, the patient 
had noticed white spots (sugar) on his shoes after visiting a public lavatory. During 
the following years there was a gradual loss of weight (about 3 st.) and he felt 
generally unwell, Mild thirst appeared, but as there were no other alarming symp- 
toms, the patient did not seek medical advice. His appetite was good and being 
a vegetarian he consumed a high carbohydrate diet. 

Past history.—Nothing relevant. 

Family history.—The patient’s father was known to have had diabetes mellitus. 

General and neurological examination—The patient had obviously lost weight. 
but otherwise appeared in good health. The tongue was clean. Blood pressure 
170/100. Nothing abnormal was found in his cardiovascular system, respiratory 
system or abdomen. The pupils were equal, central and regular and both reacted 
to light and accommodation. The fundi were normal. Cranial nerves and upper 
limbs were normal. The abdominal reflexes were present and equal. Both lower 
limbs showed wasting, most marked in the right calf and thigh. Power was poor 
in both limbs and there was a partial foot drop present on the left. Muscle tone 
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was very poor. Muscle tenderness was marked and the skin over the front of both 
thighs was hyperalgesic. Vibration sense was absent at the ankles and position 
sense was lost in the toes. Touch perception (cotton-wool) was impaired over the 
lower parts of the legs and lost over the distal halves of the feet. Pin-pricks appeared 
dull over the distal halves of the feet. Appreciation of painful heat was lost over 
both feet and impaired below the knees. Romberg’s sign was positive. Both knee 
and ankle jerks were absent; the plantar responses were flexor. Both dorsalis pedis 
and posterior tibial pulsations were easily felt. 
Urinalvsis showed heavy glycosuria but no ketonuria 


Although diabetes mellitus was recognized in the above case only after 
the onset of the neuropathy, it appears to have preceded the latter by at 
least six years. 

The majority of diabetic patients who developed organic disease of 
the peripheral nervous system showed long periods of hyperglycemia and 
glycosuria preceding’ the onset of the nervous complication. Only in a 
few did the peripheral nerve disorder make its appearance after relatively 
shorter periods of diabetic non-regulation, precipitated by infection, sur- 
gical procedures and other events, known to upset diabetic control. 

124 (82 per cent) complained of symptoms of diabetes mellitus, and 


90 had lost an appreciable amount of weight (mean 25:1 Ib.). Hepato- 


megaly, which is often present when diabetes is badly controlled (Marble 


et al., 1938; Rundles, 1945: Joslin, et al., 1947; White and Wascow, 1948) 
was found in 19 of the patients. In | case the enlargement of the liver could 
be accounted for by hamochromatosis, in the other 18 no cause other 
than diabetes mellitus was found. 

58 patients had had no treatment for their diabetes mellitus, eithe: 
because the condition was undiagnosed, or because the patient had ignored 
advice. Only 80 patients (53 per cent) were taking insulin at the time 
nervous complications appeared. The majority had not attended the 
clinic for regular supervision, with blood and urine tests, for years. In 
the course of time the dosage had become inadequate for proper control. 
even though generally sufficient to prevent marked symptoms, ketosis and 
rapid loss of strength. In a few patients under regular supervision, com- 
plicated factors. such as chronic infection, tuberculosis or insulin resis- 
tance, had made stabilization difficult. 

Only 26 patients (17 per cent) who attended the clinic regularly — 
although this is no criterion of good control — maintained or even gained 
weight and were free of symptoms of diabetes, preceding the onset of the 
nervous complication. The majority showed moderate glycosuria and 
hyperglycemia at every attendance, and it is a matter of controversy 
whether such patients can be regarded as well controlled or not. 

It has been claimed that hyperglycemia and glycosuria are not 
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dangerous as long as ketosis is absent and so long as the classical symptoms 
are kept in abeyance (Lichtenstein, 1938 and 1945; Tolstoi and Weber, 
1939 and 1940; Tolstoi, 1943; Micks, 1943 and 1944). There is, however, 
considerable evidence which suggests that prolonged hyperglycaemia and 
glycosuria, even in the absence of symptoms, is harmful (Joslin, et al., 
1947; Marble, 1947; Ricketts, 1948, Jackson et al., 1949). 

Broch and Klovstad (1947) suggested that the incidence of diabetic 
neuropathy was related to the duration of the diabetes. In the present 
series, diabetic peripheral nerve disease occurred at any time in the course 
of the metabolic disorder, and the incidence appeared to be related only 
to the duration of imperfectly controlled diabetes mellitus. The patients 
most prone to develop diabetic neuropathy appeared to be those with a 
mild form of the disease, who were able to carry on in a state of diabetic 
neglect, without disabling symptoms or ketosis for long enough to develop 


the nervous complication. 


AGE AND SEX DiSTRIBUTION 


The age distribution of our cases of diabetic neuropathy is shown 


in Table I; 5 per cent were under 30 years of age, 15 per cent under 40 


years of age, whilst 70 per cent of the total were over the age of 50. A 
comparison of the age incidence of the present series, with some of the 
previously published ones, is also shown in the Table. Except for Run- 
dles’ (1945) and Broch and Klovstad’s (1947) series, which contain a higher 
proportion of young patients, the figures correspond with those of most 


other investigators. 


Taste I.—A comparison of the incidence of diabetic neuropathy in the various age 
groups in the series published in the literature. 


Rudy and Broch and 

Jordan Epstein Rundles Klovstad Present 

(1936) (1945) (1945) (1947) Series 
1 ve gr ups 120 cases 100 cases 125 cases 88 cases 150 cases 
Below 20 1-7 % 1:0% 6:-4% 1:3% 
0 — 30 33% 40% 8-8 % 14-83% 40% 
30 — 40 734 20% 1-24, 93%, 
40 —50 16-0% 20-8 % 13-6% 16-:0% 
50 —60 87-5 % 33-0% 35-2% 24:0.% 
60—70 41-0% 15:2% 70°4% 37°3% 
Over 70 3-0° 2°4% 80% 
Total 100:0% 100-0.% 100:0% 100-0% 100-:0% 


The high incidence of diabetic neuropathy in the elderly mild diabetic 
has often been commented on in the past (Woltman and Wilder, 1929; 


Jordan, Randall and Bloor, 1935; Rundles, 1945; Broch and Klovstad, 
1947), but its relationship to the character of the diabetes at that age 
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appears to have escaped notice. Diabetes developed late in life, is fre- 
quently mild, with few symptoms and no ketosis, so that the time of 
diagnosis bears no relation to the actual onset of the disorder (Lawrence 
1951b). In the elderly, hyperglycaemia and glycosuria may remain unsus- 
pected, and metabolic decompensation develop so slowly that there is time 
for complications to appear (Beaser, 1948). This is reflected in the age 
distribution of the 42 patients, in whom the presence of diabetes preceding 
the nerve involvement was unknown, and would explain the paradox of the 
appearance of the diabetic nerve disorder simultaneously with, or even 
before, symptoms of diabetes mellitus. Only one patient of this group 
was under the age of 40, whilst 36 (86 per cent) were over the age of 50 
(Table I). That the character of the diabetes, rather than the actual age 
Taste I]—The age and sex distribution of the 42 patients (28 per cent) with 
diabetic neuropathy, who presented evidence of nervous involvement at the time 
diabetes was first diagnosed 


Sex 
ige groups M. . Total 


10-19 
20—29 
30-39 
40-49 : 5 
50-59 14 
60-69 17 
Over 70 , : 5 


Potal 42 


of the patient, is responsible for the higher incidence of diabetic neuro- 
pathy in the elderly, is further supported by the lower incidence in the 
over 70 age group, in whom diabetes mellitus may be as severe a disorder 

in the young, with a tendency to rapid metabolic decompensation ig 
ketosis (Lawrence 1951)). 

If the patients with neuropathy at the time of diagnosis of diabetes 
mellitus are separated from the patients with known diabetes who later 
developed neuropathy, a significantly different age and sex distribution 1s 
obtained (Table IIT). Of the 108 known diabetics, 7 per cent were under 
30 years of 20 per cent under 40 years of age, and only 63 per cent were 
over the age igi 50, which closely approximates the age distribution of the 
diabetic population from which the cases were selected. 

The present series thus confirms that diabetic neuropathy is relatively 
uncommon in the youngest age groups, though by no means rare, as 
judged by the many reports in the literature (Jordan, 1936; Marble et a/.. 
1938: Rosenbusch, 1945: Broch and Klovstad, 1947: Rundles, 1945; Gre- 


gory and Lindley, 1947). Otherwise this complication is fairly evenly 


distributed among known diabetics of all ages. 
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TasLe II.—The age and sex distribution of the 108 patients (72-0%) with known 

diabetes mellitus at the time of onset of the neuropathy. 
Sex 
Age groups M. F, Total 

10-19 l 1 2 
20-29 4 ] bs 
30-39 9 5 14 
40-49 10 9 19 
50-59 11 l 22 
60-69 16 3 39 
Over 70 1 6 7 
Total 52 6 108 


70 (47 per cent) of the 150 patients in the series were male and 80 (53 
per cent) were female. Of a total of 4,105 diabetic patients over the age 
of 10 years attending the Clinic at King’s College Hospital, 36 per cent 
are male and 64 per cent female. Thus there appears to be a prepon- 
derance of male over female patients in this series of cases. Jordan (1936) 
gave a similar sex incidence for his patients, whilst Rundles (1945) collected 
69 male patients in his series of 125 cases. Rudy and Epstein (1945) and 
Broch and Klovstad (1947), on the other hand, recorded the sex incidence 
as being the same as in the diabetic population from which their cases 
were drawn. Whilst the experience at most diabetic clinics and general 
populations surveys of disease suggest that diabetes mellitus is more pre- 
valent among female subjects, the statistics of the Mayo Clinic patients 
(Wilder et al., 1940) shows a slight male predominance (56 per cent of the 
total). Similarly, the Oxford Survey (Wilkerson and Krall, 1947) and a 
survey in Stockholm (Dahlberg et al., 1947) shows either equal numbers of 
the two sexes or a slight male predominance. The discrepancy between 
population surveys and statistics at diabetic clinics suggests that there may 
be more male than female patients with unrecognized and untreated 


diabetes mellitus among the general population, liable to develop diabetic 


complications, including neuropathy. This belief is supported by the 


predominance of male patients among those with diabetic neuropathy 


at the time of diagnosis of diabetes mellitus. 


SYMPTOMS AND SIGNS 

The lower limbs were almost always affected, but no peripheral nerve 
appeared to be entirely immune. For example, one of the patients suffered 
from paralysis of the long thoracic nerve. Wasting of the small muscles 
of the hands, which was seen in one case, has previously been reported by 
Buzzard (1890) and Smith (1949). 

Aching, cramps, thermal parasthesiz and weakness, particularly of the 
quadriceps, were frequent early symptoms, the patients commonly noticing 
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difficulty in getting up from a chair, getting off and on buses and trams 
and climbing stairs. 

In some cases symptoms were present before any objective signs of 
peripheral nerve involvement became apparent, but generally, objective 
evidence was present by the time the patient sought medical advice. Ia 
other cases, gross signs of peripheral nerve disorder were discovered when 
symptoms were minimal. 

In 60 (40 per cent) of cases the condition gave rise to a real disabilicy, 
with intense pain, disturbances of sensibility, weakness, paralysis and 
muscle wasting, associated in some cases with intractable diarrhoea and 
trophic lesions. In 12 cases (8 per cent) the symptoms were not of sufficient 
intensity to be complained of. The patients had accepted them as their 
“rheumatism” or “complaint” and merely admitted ,them on direct 
questioning. The mean duration of symptoms of nerve involvement at 
the time of diagnosis in these patients was 15:3 months. 

Pain in the legs was the most outstanding symptom. In most cases it 
was described as “dull aching” or burning, at times “tearing in character, 
ill-defined and ill-localized, with occasional bursts of shooting or lightning 
stabs. Aching in the thighs was quite often associated with hyperalgesia 
of the skin. Some patients begged not to be touched, and were unable to 
bear even the weight of a sheet on their limbs. Other subjective disturb- 
ances of sensibility were also common, the feet being described as dead 
or frozen, the legs as though encased in plaster of paris. Patients felt as 
if they were walking on cotton-wool, cushions, pebbles or stilts. Sensations 
of burning, pricking and freezing were added to the pain or subjective 
sensory disturbances resulting in such complaints as “burning pain,” “red 
hot needles,” “walking on hot cinders,” or “feeling as though cold water 
was running down the shin.” In a few cases itching of the skin was a 
feature. 

In some of the milder cases, symptoms were only present at night. 
In the more severe cases they were present both day and night, though 
generally worse at night, and often disturbing sleep. Some patients found 
that moving the affected limb brought relief, others had to put their legs 
outside the bedclothes, or even to get up and pace the floor, to get ease. 

20 (13°3 per cent) sought medical advice because of trophic lesions. 
In many, pain and sensory disturbances were present, but were so mild 
that the patients had ignored them until perforating ulcers or burns 
forced them to seek medical treatment. 

Sensory ataxia and paralysis were relatively rare. Paralysis most 
commonly took the form of foot drop. In those patients who 
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developed sudden paralysis, pain and sensory disturbances were often 
mild or altogether absent. 

Tendon areflexia was the most commonly encountered sign in the 
patients with neuropathy. The ankle-jerks were absent in 4 out of 5 
of the patients, the knee-jerks on one or both sides in one-third. Altogether, 
some reflex abnormality was present in 138 (92 per cent) of the 150 patients 
in the present series. Though generally speaking, reflex changes were most 
marked in the limbs most affected in other ways, patients were seen in 
whom pain or sensory disturbances were complained of in one limb, and 
reflexes were absent in the other. Impaired ankle-jerks by themselves 
were not accepted as evidence of neuropathy in view of the frequency 
of this finding in elderly people (Critchley, 1931; Holmes, 1947; Howell, 
1949). The superficial reflexes were present in all cases. 

Disturbances of sensibility to cotton-wool and pin-prick were found 
in three-quarters of the cases, usually assuming a glove and stocking 
distribution in the extremities. Complete analgesia was relatively rare. 
Inability to appreciate painful heat ran parallel with loss of pin-prick sen- 
sation. In 5 patients hypoalgesia of the feet led to the patient sustaining 
burns or scalds. 

Vibration sense was found to be absent in two-thirds of the patients, 
and position sense in the toes was impaired in 47 of 131 cases tested. 
Muscle tenderness was a feature in one-half of the patients, but nerve 
tenderness was rarely met with. Hypersensitivity of the tendo achillis was 
ilso common, whilst in others deep pain sensation in the tendo achillis 
was absent. 

Though Rombergism was present in 19 cases, marked ataxia was pre- 
sent only in 2 patients. 

On the motor side, loss of power from slight weakness to complete 
paralysis was encountered, both of the quadriceps femoris and of the dorsi- 
Hexors of the foot, at times associated with considerable wasting. Partial or 
complete foot-drop was present in 12 cases, in 4 bilateral. In another 4 
cases there was almost complete paralysis of the legs. 

Paralysis of the arm muscles was encountered only three times; one 
patient was referred to the Clinic with wrist drop, 2 developed ulnar paresis. 

In the cases with mild disturbances, particularly of a sensory nature, 
both symptoms and signs were frequently symmetrical. In the majority, 
and particularly in those with muscle weakness and paresis, both signs 


and symptoms were predominantly asymmetrical. Asymmetry in diabetic 
neuropathy has previously been noted (Pavy, 1885; Buzzard, 1890; 
Althaus, 1890; Rundles. 1945). In the lower limbs both right and left 
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sides were affected with equal frequency, but in the upper limbs the right 
arm appeared to be involved twice as frequently as the left. 

Many patients found that their symptoms were aggravated, or their 
weakness accentuated, after a day’s work. Foot drop made its appearance 
after running. Many patients found rest helpful, and often lost their 
symptoms, after a spell in bed for an unrelated cold or respiratory infection. 


CRANIAL NERVES 

Although all authors agree that cranial nerve lesions may occur in 
diabetics in the same way and for the same reasons as in non-diabetics, 
claims have been put forward from time to time for a specific disturbance 
of cranial nerve function similar to the peripheral nerve manifestations 
(Root, 1922 and 1933; Jordan, 1936; Rudy and Epstein, 1945; Herson, 1948). 

Of the patients in the present series, only + showed evidence of cranial 
nerve involvement, in addition to a diabetic peripheral neuropathy. One 
patient was found to have nerve deafness: 2 exhibited ocular paralyses and 
pain in the distribution of the trigeminal nerve: the fourth patient had 
a facial palsy. 

Except in the case of nerve deafness, the cranial nerve lesions recovered 
within three to four months. In 2 cases the improvement coincided with 
recovery of the peripheral neuropathy, in the third, evidence of the ner- 
vous disorder in the lower extremities was still present after the cranial 
nerve manifestations had disappeared. 

The impression gained in the Diabetic, Neurological and Ophthalmic 
Departments at King’s College Hospital has confirmed the experience of 
Collier (1932) that ocular and facial nerve paralyses occurred with greater 
frequency in cases of diabetes mellitus than in non-diabetics. They were 
seen, however, more frequently without any other evidence of peripheral 


diabetic neuropathy, rather than with it, and they were never seen in the 


first half of life, however severe the diabetes mellitus. but were always at 


the age when vascular degeneration was common (Collier, 1930 and 1932: 
Weinstein & Dolger, 1947; Weinstein, 1948). 


Tue Pupits 
Pupillary abnormalities were present in 13 (90 per cent) of the patients 
with diabetic neuropathy. In most cases they consisted of a sluggish 
reaction to light, with a normal accommodation convergence response. In 
a few cases irregular and unequal pupils and myosis were observed, but 
true Argyll Robertson pupils were present in only two. 


Pryce (1887) and Major (1924) each reported the case of a diabetic 
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person with sluggish pupils and there are a number of other isolated case 
reports in the literature. The Argyll Robertson pupil has been alleged to 
occur by several writers (Jordan, 1936; Joslin et al., 1947; Rundles, 1945; 
and Smith, 1949), but not by any neurologist has this occurrence ever been 
confirmed. In all the cases reported the pupillary abnormality was asso- 


ciated with a peripheral neuropathy. 


THe CEREBROSPINAL FLUID 

Marble (1948) stated that the protein was raised in the cerebrospinal 
fluid in 84:5 per cent of cases with diabetic nerve disorder, and that the 
level tended to parallel the severity of the neuritis. Karnosh (1949) and 
de Jong (1950) considered that the presence of a raised cerebrospinal fluid 
protein suggested involvement of the spinal cord and was evidence of a 
polyradiculo-neuropathy. 

Lumbar puncture could not be carried out in all of the present cases, 
and cerebrospinal fluid was obtained only from 26 patients. In all cases the 
fluid was clear and colourless, the cell content, pressure and dynamics nor- 
mal, and the Wassermann reaction negative. The protein was raised 
above +5 mg. per cent in 10 cases. In + of them it was 50 mg. per cent, in 
2 between 60 and 70 mg. per cent, and in 4 cases 100 mg. per cent or 
over. The highest value obtained was 160 mg. per cent. Tests for globulin 
were done in 18 cases and were positive in half. The globulin appeared 
raised in all cases with an elevated cerebrospinal fluid protein, but positive 
tests were also obtained in a number of patients with a normal total 
protein content. If minor deviations from the normal are ignored, the 
Lange curves were generally within normal limits, except for the fluids 
with the highest protein content. 

No support was found for the claim that the level of the cerebrospinal 


fluid protein reflected the severity of the nerve involvement. 


While only severe cases showed a high cerebrospinal fluid protein, 


patients with severe neuropathy were found among those with normal] 


protein levels. 


THe PERIPHERAL AUTONOMIC NERvouUS SYSTEM 

Although involvement of the autonomic fibres of the peripheral nerves, 
in cases of diabetic neuropathy, was first described more than sixty years 
ago (Auche, 1890; Pryce, 1893), the manifestations of autonomic nerve 
damage are probably the least frequently recognized components of the 
diabetic nerve disorder. 

Ankle oedema was found in one-third of our patients, in the absence of 
cardiac or renal disease, varicose veins or other recognized causes. In 
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many cases the oedema preceded other symptoms and signs of the nerve 
disease. Often it was found to be worse with the onset of a bout of 
nocturnal diarrhoea or the development of a neuropathic ulcer. Pitting 
cedema is known to occur in cases of peripheral nerve disturbance. 

Absence of sweating about the feet, atrophy of the skin and malforma- 
tion and pigmentation of the toe-nails were common. 

More recently, faulty body temperature regulation and orthostatic 
hypotension and tachycardia have also been ascribed to autonomic nerve 
damages (Rundles, 1945: Karsner and Hamman, 1943: Treusch, 1945: 
Foster and Bassett, 1947; Swarts and Stine, 1948). Some of our patients 
admitted to discomfort, on exposure to extremely hot or cold atmospheres, 
but the symptoms were never very marked, and were not considered sig- 
nificant. No case of orthostatic hypotension was seen, even in patients 
with a severe degree of autonomic nerve disturbance. Simple tachycardia 
was met with in 3 patients, all of whom were under the age of 30 years. 
The electrocardiogram was normal in every instance. All 3 patients pre- 
sented other evidence, suggestive of involvement of autonomic nerves, 
e.g. oedema, sweating deficiency, nocturnal diarrhoea, impotence and faulty 
vasomotor control. It was considered possible that this simple tachycardia 
was also due to autonomic dysfunction, as other causative factors were 
excluded. 

Objective tests confirming a disturbance of function of the autonomic 
nerve fibres, in cases of diabetic neuropathy, have been reported in a few 
instances (Guttmann, 1940: Wilkins and Kolb. 1941: and others). Shu- 
macker (1942), Rundles (1945) and De Takats (1945) mention inability to 
elicit reflex vasoconstriction or vasodilatation in patients with clinical 
evidence of sympathetic nerve damage. Foster and Bassett (1947) found 
sympathetic nerve damage in their two patients with diabetic neuropathic 
joint lesions. Further isolated cases have been reported by Treusch (1945), 
Montuschi and Melton (1948) and Speckmann (1950). Thus, considerable 
evidence had accumulated over the past ten years that autonomic nerve 
fibres might be involved in a far greater number of cases of diabetic neuro- 


pathy than the clinical manifestations of autonomic dysfunction would 


suggest. 

In the present study, the functional integrity of the vasomotor and 
sudomotor nerves to the legs was tested in 20 unselected consecutive cases 
of diabetic neuropathy, and for comparison, in 5 normal and 5 diabetic 
patients, of comparable age, without clinical evidence of peripheral nerve 
involvement. Reflex vasoconstriction and vasodilatation in the lower 
limbs, in response to cooling and heating the trunk, were considered to 
provide an efficient indication of the state of the sympathetic nerve fibres 
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(Lewis and Pickering, 1931; Gibbon and Landis, 1932; Pickering and Hess, 
1933; Prinzmetal and Wilson, 1936; Featheree and Allen, 1938; and Bratt- 
gard et al., 1951). By dusting the legs with quinizarine powder (quinizarin 
2°6-disulphonic acid 28 per cent) evidence was obtained of sweat secretion. 
The results obtained suggested impairment of vasomotor and sudo- 
motor function in all cases of diabetic neuropathy, as well as in cases of 
diabetes mellitus with neuritic pain, in the absence of signs of peripheral 
nerve involvement. Two types of responses were shown: in one-half of 
the patients, peripheral vasoconstriction failed to occur on exposure to a 
room temperature of 18° to 20° C. for three hours, suggesting paralysis 
of vasoconstrictor fibres. In the other half, the lower limbs remained per- 
sistently cold and failed to respond to heating the trunk, although the 
ability of the blood vessels to dilate was demonstrated by injecting 50 mg. 
Priscol (2 benzylimidazoline HCL) intravenously. There was no correla- 
tion between the type of vasomotor change found and the age of the 
patient, duration of the neuropathy, physical findings, presence or absence 
of neuropathic bone and joint lesions or the level of the spinal fluid pro- 
tein. A more detailed account of the experimental procedure, results and 
interpretations, is being published elsewhere (Martin, 1953). 


GASTRO-INTESTINAL DISTURBANCES 

Whilst gastro-intestinal disturbances are considered to be no more fre- 
quent in diabetic than in non-diabetic patients, anorexia, nausea, intract- 
able constipation and nocturnal attacks of diarrhoea have frequently been 
found to be prominent features in patients with diabetic peripheral nerve 
disease (Jordan, 1936; Rundles, 1945; Sheridan and Bailey, 1946; Swarts 
and Stine, 1948). 

In contrast to the low incidence of severe constipation in our cases, 27 
patients (18 per cent) complained of recurrent attacks of nocturnal 
diarrhoea, not infrequently associated with nocturnal incontinence, which 
could not be accounted for by the usual well-recognized causes. In most 
cases the attacks started in the small hours of the morning with fzecal 
incontinence. In some cases the attacks lasted only a few hours; in others 
they tended to continue for several days, with remissions varying from 
weeks to months. Generally the more frequent the attacks the more severe 
the diarrhoea. In between the attacks the patients were usually constipated. 

In 6 of these cases lower abdominal pain, gaseous distension, flatulence 
and borborygmi preceded the urgent passage of several stools. Some 


patients with severe attacks were observed to have recurrent periods of 


nausea and vomiting. 
The stools showed no abnormality, either with the naked eye, micro- 
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scopically, or on culture. Gastric analysis showed the presence of a hista- 
mine-fast achlorhydria in 3 of the 7 patients so examined. Sigmoidoscopy 
was carried out on 2 patients, and apart from some congestion of the 
mucous membrane, no abnormality was observed. Barium enema exami- 
nation of the colon was negative in the + patients in whom it was done. 
Fat balances (Cooke et al., 1946) were carried out in two cases and in 
neither did there appear to be any disturbance of fat absorption. 

Seventeen barium meal examinations were carried out on 14 of the 
patients with diarrhoea with negative results. 

Of these, 9 showed delay in gastric emptying. 

With treatment of the diabetes, about half the patients recovered from 
their diarrhoea, although some still showed signs of peripheral nerve 
disease. The others, in spite of excellent diabetic control, continued to 
have attacks of bowel disturbance, although of shorter duration, and less 
severity. 

DiIsTURBANCES OF MICTURITION 
Disturbances of micturition, apart from the polyuria of severe glyco- 


suria, were present in only 12 cases, taking in most instances the form of 


difficulty, hesitancy or precipitancy. Retention, with overflow, was present 


in 3 cases, and nocturnal incontinence of urine was complained of by 1. 
here was no obvious prostatic enlargement to account for the trouble in 
the men, all of whom complained of partial or complete impotence, in 
addition to the urinary disturbance. 

In some of the patients, cystoscopy was performed, but in none of 
them was there any evidence of bladder-neck obstruction. Cystomano- 
metric studies, carried out in the more severe cases, showed impaired or 
absent sense of filling, low expulsive force, and an increased bladder 
capacity as found by Rudy and Muellner (1941) Rundles (1945) and Foster 
and Bassett (1947). The results thus confirmed the conclusion of other 
investigators, that a neurogenic atonic bladder disturbance may be found 


in cases of diabetic neuropathy. 


IMPOTENCE 

In the days before insulin, impotence in diabetes appears to have been 
fairly common (Rollo, 1798; Osler, 1907; Naunyn, 1910), but since then 
impotence has rarely been mentioned. Simpson (1950) expressed the be- 
lief that persistent impotence, complained of by the patient, was not com- 
mon in patients who have always been well controlled with a balanced 
diet and insulin. This view is supported by the relatively low incidence 
of impotence among the male patients attending the Diabetic Clinic at 


King’s College Hospital. 
“XN 
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The high incidence of impotence in patients with diabetic neuropathy, 
on the other hand, was first stressed by Rundles (1945), who found it in 
27°5 per cent of his male cases. 

Among the 70 male patients with diabetic neuropathy in the present 
series, impotence was present in 38 (54 per cent) with complete inability 
to initiate or sustain penile erection, and in many instances, with absence 
of ejaculation. As impotence is a concomitant of the ageing process, 1] 
of the patients who were over the age of 60, were excluded from further 
consideration, as was also a patient with hemochromatosis, in view of the 
dual pathology. Of the remaining 26 patients (37 per cent) 2 were under 
30 years of age, 7 under 40, 6 under 50 and 11 between 50 and 60 years 
of age. In 3 cases, the impotence preceded the apparent onset of the 
diabetic nerve disease by a variable time; in one it occurred at the apparent 
onset of the metabolic disorder. In the rest, loss of potency became manifest 

e onset of the neuropathy. or soon after. In ail but one case, the impot- 

was permanent. Koch (1910) reported atrophy of the seminiferous 

les and an interstitial fibrosis of the testis,in the cases he examined, ani} 
considered those changes the result of arteriosclerosis. Oakley (1949), on 
the other hand, found normal spermatozoa in the seminal fluid of patients 
with impotence, and although there was some reduction in the total count, 
there was no excess of abnormal forms. 

The high incidence of impotence in patients with diabetic neuropathy 


opens the pos sibility that this is a neuropathic manifestation. 


In all cases with impotence the bulbo-cavernosus reflex was absent. 
paar of the patients with impotence also complained of disturbances 
of micturition. It is suggested that impotence in patients with diabetes 


llitus is dependent upon disease of the sacral autonomic nerves. 


Nevuropatuic Foor Lesions 
Neuropathic foot lesions were common in this series of cases of diabetic 
neuropathy including typical perforating ulcers in 18 patients. The 
neuropathic skin lesion invariably tended to heal, provided the affected 


limb was rested. Frequently, however, the lack of pain sensation, led the 


patient s to ignore the lesion and delay treatment until second: ary infection 


had resulted in extensive inflammation, and even osteomyelitis of the 
underlying bone. 

In the past these lesions were frequently ascribed to ischzmia, arterio- 
sclerosis or sepsis, without recognition of the importance of the peripheral 
nerve disorder as a predisposing factor. Yet, many of our patients were 
below 40 years of age, and degenerative vascular disease with impairment 
of blood supply, as judged by the absence of either posterior tibial or 
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dorsalis pedis pulsations, a history of intermittent claudication or failure 
of “priscol vasodilatation” was present in only 1/3. Even in these the 
ulceration seemed to be truly neuropathic, with infection and _ local 
impairment of blood supply as secondary phenomena, rather than the 
result of primary arterial occlusion. 

In its most advanced form the neuropathic condition was seen in the 
form of Charcot joints in the feet, which had previously been described 
in connexion with diabetic peripheral nerve disease by Bailey and Root 
(1942 and 1947), Jordan (1943), Rundles (1945), de Takats (1945), Morris 
(1947), Wilson et al. (1949), Muri (1949), Knutsson (1951), Lister and Maud- 
sley (1951), and others. The condition was generally regarded as rare and 
Bailey and Root (1947) considered the incidence as being | in 1,100. 

Neuropathic bone and joint lesions were found in 9 (6 per cent) of the 
150 patients in the present series. The incidence of such lesions in the 
general diabetic population attending King’s College Hospital was 0-22 
per cent. Thus, diabetic arthropathies appear to be more common than 
the 37 cases reported in the world literature would suggest. 

Bony changes were almost always confined to the peripheral joints. 
A Charcot arthropathy of the knee-joint (de Takats, 1945; Spear, 1947; 
Shore, 1947), the ankle-joint (Foster and Bassett, 1947: Muri, 1949; Knut- 
sson, 1951), was not met with. In 2 cases there were neuropathic joint 
lesions of metatarsophalangeal and interphalangeal joints, in one patient 
of both feet. A third patient showed a deformity of the left little toe, 
due to absorption of the distal half of the metatarsal bone, in addition to 
a bilateral mid-tarsal arthropathy (Martin, 1952). The mid-tarsal joint 
was involved in a further + cases and was the joint most commonly affected 
in the present series. 

In two further cases general osteoporosis of the bones of the feet was 
present, for which no explanation, apart from the neuropathy, was 
forthcoming. 

The frequent association of perforating ulcers and neuropathic joint 
lesions has often led to infection being regarded as the direct cause of the 
bone changes, independent of any associated nervous disorder (Hodgson, 
Pugh and Young, 1948). 

Neuropathic soft tissue lesions were present, or had been present, in only 
8 of the 9 cases of diabetic arthropathy. Furthermore, the radiological 
appearances of the bone and joint changes were against an infective or 
ischemic ztiology (Martin and Ross, 1953). There is thus good evidence 
that each lesion can occur independently and both the soft tissue and the 
bone changes are probably secondary to the peripheral nerve disorder, 


with loss of cutaneous and deep sensibility. 
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A Charcot joint may develop rapidly, in diabetic neuropathy, with 
sudden spontaneous swelling of the foot, and local redness, in the absence 


of infection, as very occasionally occurs in the classical arthropathy of 


Charcot. Such a case has been described elsewhere, together with a dis- 
cussion on the pathogenesis of diabetic neuropathic arthropathy (Martin, 
1952). 

The prognosis of the neuropathic arthropathy appears to be bad, and 
none of the cases has shown any tendency to improve, even though the 


underlying neuropathy recovered. 


Tue RevaTION oF Diapetic NEuRopATHY, RETINOPATHY AND NEPHROPATHY 
(Kimmelstiel-Wilson Syndrome) 

Wagener, Dry and Wilder (1934) reported that 25 per cent of their 
patients with diabetic retinopathy also had a peripheral nerve disorder. 
Rundles (1945) found eye changes present in 34 per cent of his 125 cases 
of diabetic neuropathy, and thought that the coexistence of these two 
degenerative complications was more than fortuitous. A similar opinion 
was expressed by Koff and Rome (1947). 

Gilliland (1951) in discussing the clinical syndrome associated with the 
“Kimmelstiel-Wilson” lesion of the kidney (Kimmelstiel and Wilson, 
1936; Newburger and Peter, 1939) considered diabetic neuropathy an al- 
most universal concomitant and quoted Siegal (1940) and Siegal and Allen 
(1941) as first describing the neuropathy as part of the syndrome. 

Among the present 150 patients with diabetic neuropathy, 50 (33 per 
cent) showed diabetic retinal disease with haemorrhages and exudates, 
ranging from a single punctate to many dot and blot hemorrhages and 
extensive exudates. 

Of the cases of neuropathy with diabetes mellitus of less than one 
year’s duration, none had diabetic retinal disease. With increasing dura- 
tion of the metabolic disorder, the incidence of diabetic retinopathy rose 
concomitantly to 67 per cent in the cases with diabetes mellitus of over 
twenty years’ duration. This suggested that the incidence of diabetic retino- 
pathy in the 150 patients with diabetic neuropathy was no higher than in 
non-selected cases of diabetes without the nervous complication (Wagener, 
1945) and was mainly related to the duration of the diabetes (Dolger, 
1947; Scott, 1951; Oakley, 1951). Diabetic retinopathy and nephropathy 
are believed to be manifestations of the same vascular process (Friedenwald, 
1948; Ashton, 1949, 1951) and the renal lesions are again mainly related 
to the duration of diabetes mellitus (Goodof, 1945: Dolger, 1946; Hender- 
son et al., 1947; and Mann et al., 1949). 

On the other hand, diabetic neuropathy did not appear to be related 
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to the duration of the preceding metabolic disorder, but to antecedent 
diabetic neglect. Such a relationship is not quite so obvious where diabetic 
retinopathy is concerned (Dolger, 1947; Croom and Scott, 1949), although 
it has been claimed that good control of the diabetes reduces its incidence 
(Lawrence and Oakley, 1943; Lawrence. 195la; Scott, 1951; Spoont et al., 
1951). 

Kimmelstiel and Porter (1948), in a summary of the literature, found 
the incidence of the renal lesions to be 17 per cent in all diabetics, and 
twice as common in women as in men. Diabetic neuropathy, on the other 
hand, was found to be more common in men than in women, both in 
the present series and in the literature. The incidence of diabetic renal 


disease in the present series (2 cases) was no higher than in the 150 


1 


patients reported by Scott (1951) with diabetes mellitus of over fifteen 
years’ duration, uncomplicated by neuropathy. 

In summary, it may be said that the present cases support the belief 
that diabetic retinopathy is related mainly to the duration of the metabolic 
disordet Che findings refute the claim that the incidence of retinopathy 


is higher in patients with diabetic neuropathy than among the general 


diabetic population. The association of diabetic peripheral nerve disease 
and the Kimmelstiel-Wilson syndrome. in th ases reported, appears ie 
be coincidental. Whilst diabetic neuropathy seems to be mainly related 


to neglect of diabetic treatment, diabetic retinopathy and nephropathy 
are related more to the duration of the metabolic disturbance. The co- 
existence of these three degenerative complications of diabetes mellitus 


in some cases is explained by the assumption that they are all in some 












as vet ill-understood way the result of the metabolic disorde: 


NEUROPATHY 





AETIOLOGY 






Introduction—In recent ‘years, three ztiological factors have been 





thought to be responsible, at least partially, for the development of diabetic 


neuropathy: I. Degenerative vascular disease. II. Vitamin deficiency. 


Ill. The 







disordered metabolism of diabetes mellitus. 











I. Degenerative vascular disease —Occlusive vascular disease plays a 






causative role in a wide variety of neurological conditions and may involve 





the central as well as the peripheral nervous system. It is a common com- 






plication of diabetes mellitus and is said to be invariably present in 
diabetics past the third decade of life (Cecil, 1940; Dry and Hines, 1941). 







The frequent coexistence of occlusive vascular disease in patients with 






diabetic neuropathy after middle life is therefore not surprising, but never- 






theless it led to the suggestion being made that the two conditions were 
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etiologically linked (Woltmann and Wilder, 1929; Jordan, 1936; Dry and 
Hines, 1941; Broch and Klovstad, 1947; De Jong, 1950; and others). 

Some authors, unable to explain diabetic neuropathy, on the basis 
of arteriosclerosis, in the younger age groups, separated the neuropathy of 
the young diabetic from that of the elderly, and suggested that ischemia 
was responsible for the nerve disease only in the older patients (Kauvar, 
1941; Karnosh, 1949). 

Occlusive vascular disease appeared to be present in one-third of the 
150 patients. In most cases the diagnosis of arterial insufficiency was 
based on the absence of one or the other of the pedal pulses. In only 
11 cases neither dorsalis pedis nor posterior tibial pulsation could be felt. 
Intermittent claudication was complained of by 4 patients. In no instance 
was ischemic gangrene observed. 

That degenerative vascular disease is present in a high proportion of 
diabetic patients past 40 years of age, has been proved (Warren, 1938). 
The central problem which had to be considered, however, was not whether 
arteriosclerosis was present in the patients with diabetic neuropathy, but 
what was its effect upon peripheral blood flow, and whether the functional 
integrity of the blood vessels was or was not intact in the part of the 
body under investigation. Coldness of the feet, so common in patients 
with diabetic neuropathy, had often been regarded as evidence of a poor 
circulation, but does not constitute evidence that peripheral blood flow 
is permanently and seriously impaired. 

To obtain objective evidence of the state of the circulation to the lower 
extremities of patients with diabetic neuropathy, two tests were applied: 
(1) Skin temperature studies after the intravenous injection of 50 mg. Pris- 
col, as described elsewhere (Martin, 1953). (2) Oscillometric readings 
Boulitte) of the pulsations in the calves. 

(1) Skin temperature studies were carried out (a) in 20 cases of diabetic 


neuropathy (the age distribution is shown in Table IV), and (b) in 4 


Pasie I\ The age distribution of the cases in whom vascular studies were carried 
out. 
Diabetic Patients without 
Veuropathy with Vascular Diabetic Patients 
lee Groups Disease with Neuropathy 

20-29 — 2 
3039 —_ 5 
40-49 ] 6 
50-59 2 2 (i) 
Over 60 | 4 (2*) 
Total 4 20 


* Denotes number of patients with clinical evidence of occlusive vascular disease 
as judged by the presence of a history of intermittent claudication or absence of 
the pedal pulses, 


XUM 
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diabetic patients with vascular disease, without the nervous complication 


as controls. 


(a) In 18 of the 20 cases of diabetic neuropathy ‘Priscol” (2 benzylimidezoline 
hydrochloride) or the peripheral vasodilatation already present, raised the toe tem- 
perature to above 30° C., proving that the peripheral blood flow was adequate. In 
2 of the 3 cases with absent pedal pulses the toe temperature rose only to 26 and 
27° C, respectively, confirming the clinical diagnosis of occlusive vascular disease. 

(b) + diabetic patients with absent pedal pulses, a history of intermittent claudi- 
cation and ischemia of the toes, without neu: pathy, were found to respond to 
reflex heating of the body, though the toe temperature never rose above 26° C. 
The degree of occlusive vascular disease in these patients was considerably greater 
than in the patients with diabetic neuropathy, vet there was no evidence, either 
in the history or on clinical examination, of the presence of nerve involvement. 

(2) Oscillometric readings in the calf were found to be below 4 divisions 
only in the 2 patients with diabetic neuropathy, in whom other vascular 
studies clearly indicated occlusive vascular disease. In the rest the maximal 
readings were normal and well above 8 divisions. In a large number of 
other diabetic patients with absent pulses and intermittent claudication, 
oscillometric readings were nearly always found to be well below 4 divi- 
sions, yet these patients showed no evidence of neuropathy. 

Che results of these tests do not suggest that vascular disease is of 


importance in the etiology of diabetic neuropathy. The latter occurs 


with a good circulation and is frequently absent in cases with the most 


severe ischeemia. ‘The sudden development of the nervous disorder, and, 


in many cases, its rapid response to adequate control of the diabetes, are 
additional factors against an ischemic :etiology. 

Il. Vitamin deficiency.—The close sitnilarity of the nervous disorder 
caused by diabetes mellitus and alcohol, was remarked upon by several 
of the earlier writers (Auerbach, 1887: Von Leyden, 1887: Buzzard, 1890: 
Charcot, 1890) and in 1922, Harris suggested that they might have a 
common etiology. Subsequently cases were reported of diabetic patients 
with clear-cut deficiency syndromes and in 1926, Wohl, after investigating 
the nutritional state of a number of diabetics with neuritic symptoms, 
expressed the opinion that vitamin deficiency was the cause of the nervous 
disorder. Since then the role of vitamin deficiency, and in particular, 
deficiency of thiamine, has been disputed. 

Jolliffe (1938) and Williams and Spies (1938) suggested that diabetic 
diets were generally deficient in vitamin B content. This may have been 
true for many of the older types of diabetic diets, but there is little evidence 
that the modern diabetic diet is inadequate as regards vitamins (Guest, 
1946). 

Investigations carried out in the past to analyse the adequacy of vita- 


min B in diets of diabetic patients invariably failed to show a vitamin 
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deficiency (Jordan, 1936; Needles, 1939). The urinary excretion of thiamine 
before and after a test dose of the vitamin, was studied by a number of 
investigators in diabetics, with and without peripheral nerve disorder, and 
in the vast majority of cases the values found were within the normal range 
(Robinson et al., 1940; Pollack et al., 1941; Needles, 1943). 

Many observers have nevertheless claimed clinical improvement of 
diabetic neuropathy after the administration of thiamine (Jolliffe, 1938; 
Fein et al., 1940: Rudy and Epstein, 1945). More recently, quite as many 
reports have appeared doubting the value of vitamin B, in treatment 
(Gregory and Lindley, 1947; Broch and Klovstad, 1947). Rundles (1945) 
quoted 6 cases given massive doses of vitamin B, whilst the diabetes re- 
mained uncontrolled. and found that the neuropathy got worse. This is 
strong evidence against diabetic neuropathy being due to B, avitaminosis, 
particularly as Sydenstricker et al. (1939) and Rudy and Hoffmann (1942) 
have shown that other manifestations of vitamin deficiency can be cured, 
even 1f the diabetes remains uncontrolled 

In those cases where improvement was claimed after vitamin B therapy, 
the neuritic disease was either mild, or else benefit did not become appar- 
ent until after months of treatment. Yet, Aring, Evans and Spies (1939) 
have stated that if no effect is observed within a week, nothing more is 
to be attained by continuing the therapy. 

In the present study 12 patients with diabetic neuropathy were given 
100 meg. vitamin B, both intramuscularly and by mouth for periods up to 
three months. The rate of improvement in the cases given vitamin 
therapy in addition to control of their diabetes was no more rapid than 
in similar cases not given additional thiamine. 

In view of the suggestion that diabetic neuropathy is the result of a 
“conditioned malnutrition” (Jolliffe, 1943) dependent on some metabolic 
disturbance rather than due to failure to ingest the needed vitamin, it 
was decided to investigate the biochemical reaction for which the presence 
of thiamine is essential. 

In controlled diabetes mellitus both the blood pyruvic acid level 
(Bueding, Wortis and Fein, 1942) and the cocarboxylase level (Goodhart 
and Sinclair, 1940) have been shown to be normal. Platt and Lu (1939) 
pointed out, however, that the pyruvic acid content may be normal in the 
blood in cases of subacute beri-beri, suggesting that minor deficiencies, 


such as might be expected in diabetic patients in this country, would not 


be demonstrated by the estimation of the fasting blood pyruvic acid level. 
This has been confirmed by Joiner, Thompson and Watson (1950). Markees 


and Meyer (1949) claimed that diabetics generally were unable to remove 
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injected pyruvate at the same rate as normal subjects, and that this 
abnormality could be corrected by giving vitamin B,. 

With the above considerations in mind, a study was made of intra- 
venous pyruvate tolerance in cases of diabetic neuropathy and normal 
controls. 

Method: A standard procedure of giving 15 grammes of purified sodium pyru- 
vate (Robertson, 1942) intravenously, within three minutes, was adopted. The test 


was performed upon fasting subjects at rest in bed. In the case of diabetic patients, 


soluble insulin was withheld fer at least 12 hours, and protamine zinc insulin for 


72 before the test, 2 ml. samples of venous blood were collected. The patients were 


then given 125 ml. of 12 per cent sodium pvruvate intravenously. Further 2 ml. 
g I I 


samples of venous blood were withdrawn at 5, 10, 20, 30, 45, 60 and 90 minutes, 


following the end of the infusion. 
Pyruvic acid was estimated by the method of Friedemann and Haugen (1943) 


The results obtained indicate that the blood pyruvic acid concentration, 
after injection, returned to the fasting level within 60 minutes in the 2 
normal cases. This agrees with the findings of Markees and Meyer (1949). 
In the 6 diabetic patients with neuropathy, on the other hand, the pyruvic 
acid concentration in the blood 90 minutes after infusion was still above 
the fasting level, apparently supporting the claim that pyruvic acid 
metabolism was impaired in diabetics. 


The rate of removal of injected pyruvate was, however, very similar 


in the norma! and diabetic patients, except for the slightly higher end- 


point, as compared with the fasting level in the diabetic cases. In view 
of the high fasting levei in 2 subjects, who developed ketosis rapidly after 
withdrawal of insulin, the results obtained suggested that the difference 
observed was more likely to have been the outcome of accumulation of 
other ketone bodies, rather than inability to dispose of injected pyruvate. 

More recently, Lestradet and Guest (1951) have proved conclusively 
that the Friedemann Haugen method of estimating pyruvic acid also 
estimates other keto-acids. They developed a modification of the method 
and were able to show that the blood pyruvic acid level which appeared 
raised in diabetic ketosis, when estimated by the method of Friedemann 
and Haugen (Gillilandeand Martin, 1951) was in fact normal, and that the 
difference was accounted for by the presence of acetoacetic acid. 

Finally, both the Friedemann and Haugen method and its modifica- 
tion by Lestradet and Guest, were employed in a further 2 cases of diabetic 
neuropathy (Table V). The results obtained confirmed the findings of a 
normal pyruvic acid concentration in diabetic ketosis, and provided strong 
evidence that there was no abnormality of pyruvate metabolism in 
diabetic neuropathy. 

Since pyruvic acid metabolism is impaired in the presence of thiamine 
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Tas_e V.—Comparison of blood levels of pyruvic acid in 2 cases of diabetic neuro- 
pathy before and after infusion of 15 grammes of sodium pyruvate estimated by the 
methods of Friedmann and Haugen (1943) and Lestradet and Guest (1951). 


PE. Case 2 J.W. Case 58 

Friedemann Lestrader Friedemann Lestrader 
Haugen (1943) Guest (1951) Haugen (1943) Guest (1951) 

Time Pyruvic acid concentration in the blood in mgm% 

Fasting 3-0 
b 
10 
20 
30 
45 
60 
90 
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deficiency, this is added evidence that diabetic neuropathy is caused neither 
by an absolute, relative or conditioned B, avitaminosis. 

Ill. Disordered carbohydrate metabolism.—Although the exact 
mechanism underlying the development of the nervous manifestations of 
diabetes mellitus is still unknown, a considerable amount of evidence has 
been collected over the past twenty years, which suggests that organic 
disorder of the peripheral nerves is more common in diabetic patients, 
whose disease has been unregulated, or whose treatment has been neglected 
(Root and Rogers, 1930; Wendt and Peck, 1931; Joslin and Root, 1939; 
Aring, 1941; Rundles, 1945; Root and Mascarenhas, 1946; Gregory and 
Lindley, 1947; Bailey and Root, 1947; Foster and Bassett, 1947; Marble, 
1948). 

Attempts have been made to prove that diabetic neuropathy is the 
result of poor diabetic control, by comparing this series of cases of neuro- 
pathy with other non-neuropathic series of similar age distribution, to see 
if they were similarly uncontrolled. Although this has not been easy, 
in view of the obvious difficulty in assessing diabetic control, it nevertheless 
showed that diabetic neuropathy was rare in diabetics, who had always 
appeared well controlled. 

The diabetic background of patients in the present series has already 


been referred to. The relationship between the type of diabetes which 


allowed the patient to survive in a debilitated state of health, without suc- 


cumbing to the acute complications, and the occurrence of diabetic 
neuropathy, has also been considered. 112 (75 per cent) had never presented 
any of the acute complications of diabetes mellitus, and in reviewing both 
the literature, as well as the diabetic cases attending King’s College Hos- 
pital, no evidence was found to indicate that patients who had frequently 
to be admitted for acute diabetic complications of short duration were 
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any more liable to develop the nervous disease. Although rapidly develop- 
ing metabolic decompensation was present in 6 cases, neither ketosis nor 
coma appeared to be directly related to the etiology of diabetic neuropathy. 

Diabetic neuropathy appeared to be precipitated, not only by prolonged 
neglect of diabetic regulation, but strangely enough, also by the rapid 
establishment of diabetic control. Caravati (1933) first reported “insulin 
neuritis,” and the development of diabetic nerve disease following institu- 
tion of diabetic treatment has since been confirmed (Jordan, 1936: Rundles, 
1945). 

In the present series, diabetic neuropathy was first noted two or more 
weeks after the institution of diabetic treatment in 6 cases, all of which 
had noticed mild symptoms of the metabolic disorder for a considerable 
time. In another 2, although the neuritic disease was present before 
treatment was begun, it appeared to be greatly intensified after administra- 
tion of insulin and diabetic stabilization. Nevertheless, persistence in the 
use of insulin and continued good diabetic regulation for an adequate 
length of time, eventually led to recovery of the nerve disorder. 

The evidence presented supports the opinion that neither occlusive 
vascular disease, nor a primary or conditioned vitamin B deficiency, plays 
any definite part in the causation of the diabetic peripheral nerve disease. 
Attention was directed towards the possible importance of abnormal fat 
metabolism by Jordan, Randall and Bloor (1935), but the evidence available 
does not support such a view. 

The development of diabetic neuropathy after prolonged periods of 
diabetic neglect, as well as after the establishment of diabetic control by 
the use of insulin, suggests that the nerve disease is not only truly diabetic 
and intimately related to the disturbance of carbohydrate metabolism, 
but may, in some cases, be related to the speed or extent of alterations in 
carbohydrate metabolism and its associated changes. Prolonged hyper- 
glyceemia, which characterizes diabetes mellitus, has never been disproved 
as the cause, direct or indirect, of any of the more grave complications of 
diabetes mellitus. 2 patients have been seen with what appeared to be 
typical diabetic neuropathy, who showed hyperglycemia as the result 


of acromegaly and hemochromatosis respectively. and were possibly not 


primarily diabetics. The experiments of Marton (1929) also suggested 


that a raised blood sugar may affect nervous irritability and conductivity, 
and Feldberg (1944) obtained evidence that concentrations of glucose of 0-2 
per cent or above tend to inhibit the synthesis by nerve tissue of acetyl- 
choline, formation and breakdown of which seem to be inseparably 
associated with the electrical events essential for the conduction of nervous 
impulses (Nachmansohn, 1947 and 1949). 
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Beyond the conclusion, based on the clinical study that diabetic neuro- 
pathy is apparently the result of the disturbed metabolism of diabetes 
mellitus, any further explanations of the mechanism of its production 
must be speculative and would serve no useful purpose at this stage. 


Incidence. 

In the days before insulin, the incidence of diabetic neuropathy was 
generally reported as between 30 and 50 per cent. 

Of the diabetic patients attending King’s College Hospital at the time 
of this investigation, 5 per cent showed objective evidence of neuropathy. 
A further 12 per cent complaining of neuritic symptoms in the absence of 
physical signs were excluded from the series, although evidence has been 
presented of nerve involvement in such patients (Martin, 1953). In fact, 
evidence of a disturbance of autonomic innervation was not confined to 
patients with diabetic neuropathy or neuritic symptoms. Tests of vaso- 
motor function as described, when carried out in 21 diabetic patients 
without either a history of symptoms or signs of nerve disease, showed 
abnormal responses indicating damage to vasometer nerves in one-third. 

Disturbances of nerve function, appear therefore, to be much more 
common in diabetes mellitus than is generally recognized, although it 
seems to be true that insulin and better diabetic control has reduced the 


incidents of more severe manifestations. 


CoNCLUSIONS 

The information obtained in the present investigation suggests that 
peripheral neuritis occurs with great frequency in diabetic patients. In the 
majority the nerve complication is not associated with either symptoms 
or signs and neurological manifestations are common only in patients 
with prolonged uncontrolled or unrecognized diabetes mellitus. 

Neuropathy should always be suspected in elderly patients with mild 
diabetes of unknown duration, particularly in the presence of trophic 
foot lesions. In the majority of such cases careful examination may elicit 
evidence of nerve involvement. 

The nerve complication occurs so frequently in diabetic patients that 
it must, in some way, be related to the metabolic disorder. Diabetic 
neuropathy is believed to be the result of prolonged hyperglycaemia but 
objective nervous disturbances seem uncommon in patients who always 


showed good control. In no diabetic can the blood sugar be kept within 


physiological limits by any system of treatment tolerable to the patient. 


It is not therefore surprising that clinical manifestation of nervous disorder 
may occur at times, even in patients with reasonable control. 





M. MENCER MARTIN 


The manifestations of diabetic neuropathy may be very diverse, but 
the basic pattern is sufficiently distinct to allow a correct diagnosis. 

As the diabetic nerve disease seems to be truly diabetic, rational treat- 
ment must, of necessity, aim at correcting the metabolic disorder, as far as 
possible. Although we are unable to provide conclusive evidence that 
neuropathy would fail to recover in the absence of adequate diabetic 
control, since treatment could not be withheld. the few patients who 
refused insulin when it was nec essary became worse and eventually con- 
sented to this treatment. Although a variety of therapeutic measures may 
prove helpful, they merely constitute additional treatment and the 
experience gained in the present investigation supports the belief that 
effective diabetic regulation is essential to recovery from diabetic neuro- 
pathy. 

Barach (1947) studied impairment of vibration sense in 150 diabetic 
patients for periods up to fifteen years. The striking feature of the results 
he obtained was the demonstration of curves of vibration perception 
approaching normal or receding from normal, with improvement or 
deterioration of the diabetic condition. The present findings also showed 
that with adequate diabetic treatment the prognosis of the nerve compli- 
cation is good, provided it is recognized early. Only in cases of long 
standing can recovery less readily be expected because of the irreparable 
nerve degeneration. 

Nerve involvement of some degree appears to be exceedingly common 


in diabetic patients. but not surprisingly so in view of the basic conviction 
I Sty 


shared by most physicians, that diabetes itself has a direct bearing upon 
the zxtiology. Most diabetics would seem liable to develop degeneration 
of nerves, but, in the majority, present-day standards of diabetic control 
appear adequate to prevent clinical neuropathy, although not perhaps 
always autonomic nerve damage. The margin of safety is very small, 
however, and only by paying careful attention to insulin and diet and 
maintaining satisfactory diabetic control, can the diabetic hope to prevent 
the nerve complication from progressing to more serious and distressing 
manifestations. 
SUMMARY 

(1) 150 diabetic patients were studied with symptoms and signs of nerve 
involvement not due to diseases other than diabetes mellitus. The infor- 
mation obtained is presented and discussed. 

(2) Diabetic neuropathy occurred most commonly in patients who had 
neglected their diabetic control or in whom the presence of the metabolic 
disorder had escaped recognition for a long time. 

(3) Symptoms and signs were those of involvement of the peripheral 
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nerves only. Vasomotor disturbances, impotence, diabetic diarrhoea and 
neuropathic bladder dysfunction were considered evidence of a disturbance 
of function of the autonomic nerves. 

(+) Neuropathic foot lesions were common in this series of cases of 
diabetic neuropathy and were unrelated to the presence of sepsis or occlu- 
sive vascular disease. 

(5) Neither peripheral vascular disease nor vitamin B deficiency 
appeared to play any part in the causation of the nervous disorder. 

(6) Although a variety of therapeutic measures may prove of value, 
adequate diabetic regulation seemed essential to recovery from the nerve 
complication. 

(7) Disturbances of vasomotor function were found so frequently in 
patients with diabetes mellitus that nerve involvement of some degree 
must be regarded as exceedingly common in diabetic patients even in the 
absence of symptoms and signs of nerve involvement. 

(8) The findings are discussed with the conclusion that diabetics 
generally seem liable to develop nerve degeneration. Although the margin 
of safety is small adequate diabetic treatment would appear to protect the 


majority from clinical manifestations. 
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INTRODUCTION 

THE assumption that certain specific regions of the brain function as 
integrating and associating centres of ideas and sensory images appears 
fairly common throughout neurological literature. The term “ association 
centres ’” was popularized by Flechsig (1896) to denote one type of cortical 
area which emerged from his myelogenetic studies. He identified the 
primordial cortex as sensory in character, and part of the intermediate 
and the terminal cortices as “ association centres.”’ Although he made 
this distinction by means of morphological characteristics, his adoption 
of the word “ association” was apparently influenced by nineteenth 
century psychology. 

The associationistic psychology of that period considered the mind 
to be a collection of separate ideas bound together into more complex and 
higher mental processes by a huge number of associations. (For a discussion 
of the history of associationistic psychology see Boring, 1929.) The use of 
the term “ association ” led neurologists not only to give a name to certain 
regions of the cerebral cortex, but also to imply some of its functions. 
The belief that higher mental processes are localized in the association 
cortex permeates most of the clinical literature, but this view lacks support 
of systematic experimental evidence. The early experimental work on 
the association cortex is confined mainly to histological studies, with little 


reference to its possible functions. Since the development of electro- 


physiology and the improvement of behavioural tests, a new interest in 


the experimental investigation of the primate association cortex has been 
in evidence. The results of these studies, of course, are far from conclusive. 
In some aspects of the problem a great amount of information has been 
1We are indebted to Professor J. F. Fulton for this information, In his ‘“Text- 
book of Physiology,” 1900, vol. 2, E. A. Schiifer discussed the history of the 
association cortex. 
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accumulated; in other aspects, only very inadequate data are available. 
A general survey of the recent contributions may be helpful in consolidat- 






ing our knowledge from several disciplines, and also in indicating possible 





trends and areas that need further study. 






The present report is an attempt to evaluate and summarize recent 






contributions to the histology, electrophysiology and behavioural studies 






of the association cortex of the monkey. It is not intended to be compre- 
hensive and is limited primarily to those studies that have appeared within 







the last decade or so up to and including 1952. Occasional references to 






earlier work are also included, especially in those fields where no great 






recent advances have been made. This survey is based mainly on studies 
of the Mlacaca mulatta, commonly called the rhesus monkey; thus unless 


otherwise specified, the word “ monkey ” is used to indicate this species. 








Relevant data on other mammals are reported only in so far as they are 
helpful to clarify specific problems. The clinical literature is not reviewed 







and no attempt has been made to clear up the apparent inconsistencies 






between experimental and clinical data. 
One of the difficulties met with in studying the association cortex is 







to specify its exact boundaries. Its extent varies considerably according 






to the various criteria and methods of investigation, but for the present 






it will be considered tentatively as the whole neocortex excluding the 






motor and sensory projection areas. This definition is purely for heuristic 





purposes. No commitment is made here to select one specific criterion 






from the many that have been used to delimit the neocortex and projection 





areas. The consistent adherence to any criterion entails many necessary 






modifications and exceptions which will become clearer in later discussions. 







HisToLocy 








Recent histologic studies of the association cortex of the monkey deal 
mostly with its cytoarchitecture and thalamo-cortical connexions. Only a 





few investigations have been concerned with the examination of the 






cortico-cortical and corticofugal fibres of the association cortex. Conse- 





quently, some of the early studies are incorporated in this review in order 





to make it more complete. Several monographs on the primate thalamus 






and cerebral cortex contain summaries of the history and early literature 
(Walker, 1938: Lashley and Clark, 1946; Bonin and Bailey, 1947; Bonin, 


1950; Bailey and Bonin, 1951). 








Cytoarchitectonics: cortical areas——Although Flechsig started with 





the myelogenetic method, and other investigators used various different 





techniques to partition the cerebral cortex, all recent studies are based on 






sections prepared with Nissl stain with occasional reference to material 
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prepared with Weigert stain. Careful histological work has led to a 
growing recognition of the futility in making minute divisions of cortical 
areas based on differences in cellular structure alone. The first major 
criticism of cytoarchitectonics which questioned the validity of the whole 
programme was made by Lashley and Clark (1946). They gave convinc- 
ing evidence to show that the criteria employed in parcellation are for the 
most part variable and unreliable, and in no instance have been shown 
to be valid indices of functional differences. Unless objectively verifiable 
criteria are used, any delimitation of cortical areas is vitiated by indi- 
vidual variations in the structure of different brains, and all so-called 
“maps” of cortical areas are nothing more than the “personal whim” of 
the investigator. It should be pointed out, however, that Lashley and 
Clark did concede that in the association cortex off both Macaca mulatta 
and Ateles geoffroyi, a frontal, a parieto-occipital, a temporal and prob- 
ably an agranular insular region may be differentiated. 

Bonin and Bailey (1947) studied the neocortex of Macaca mulatta and 
used different colours to distinguish cytoarchitectural areas. They blended 
the margins of the coloured areas so as to indicate the lack of any sharp 
boundaries between adjacent regions. Nevertheless, they divided the 
association cortex into sub-areas. They named seven or possibly eight 
areas in the frontal region (FC, FCBm, FCop, FD, FDA, FDT, FF, LA: 
this last one might be mesocortex); ten areas in the parieto-temporal region 
(PC, PE, PEm, PG, PF, LC, TA, TG, IA, IB); and five areas in the occipito- 
temporal region (OA, OB, TE, TF, TH). A few years later, after their 
work on the chimpanzee’s cortex appeared (1950), Bailey and Bonin pub- 
lished the study on the isocortex of man (1951). They now emphasize 
the impossibility of subdividing the association area in any consistent 
manner, and consider almost all of it to be one “eulaminate”’ type of cortex. 
There are in addition a few zones around its borders that have transitional 
structures and these are called the “limitrophic variants” (i.e., juxtallo- 
cortex, parakoniocortex, dysgranular cortex). Within the eulaminate 
cortex there may be some regional variations, but they are “tenuous, in- 
consistent, and difficult to recognize.” Bailey and Bonin thus recognize 
a high degree of homogeneity in the cytoarchitecture of the association 
cortex in man comparable to Flechsig’s myelogenetic map of fifty years 
ago (1896, 1898). They recognized even fewer cortical types than did 
Lashley and Clark for the monkey. 

There is still some doubt as to whether the cerebral cortex of the 


monkey is actually more differentiated than the cortex of man (Bonin, 
1952). Bailey and Bonin admit that the areas designated in their monkey 

: ; ’ 
map are based more on the findings of physiological neuronography than 
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on degree of structural differentiation (1951), and also that they are not 
sure that there are more cortical areas in lower primates than in man 
(1952). If it is permissible to use Bailey and Bonin’s later work describing 
the human cortical types to revise their earlier monkey brain map, the 
association cortex of the monkey may be considered to consist of the 
entire eulaminate cortex including probably its fringe zones of limitro- 
phic cortices. The anterior limbic region is mesocortex in man but may 
be neocortex in the monkey, according to Bailey and Bonin, who con- 
sidered the cellular structure of this region as differing from other granular 
frontal areas. Lashley and Clark, on the other hand, thought that the 
anterior region can hardly be subdivided from the posterior limbic neo- 
cortex. Since the differentiation of neo- and mesocortex is itself question- 


able (Lorenté de No, 1934), the present review will tentatively include the 


Fic. 1.—Diagrammatic drawings to show the monkey's association cortex 4s 
determined by cytoarchitectonics. It consists of the eulaminate cortex (stippled), 
the limitrophic zones (hatched), and possibly the anterior limbic region (crossed). 
The unmarked areas are the primary projection areas (agranular cortex and konio- 
cortex) and allocortex. The designations of cortical areas are those of Bonin and 
Bailey (letter) and Brodmann (figure in parentheses), L, lateral; M, medial: V, 
ventral view. 
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anterior limbic gyrus in the association area as an additional fringe zone, 
with the understanding that its structure may be different from the other 
three fringe zones. 

Fic. 1 represents the suggested, cytoarchitecturally determined, limits 
of the association cortex and its different areas in the monkey. It is 
tentative, diagrammatic, and presented here only as a possible way of 
summarizing the trend of our present knowledge. In the following dis- 
cussion of other topics the nomenclature of Bonin and Bailey (1947) and 
of Brodmann (1925) will be used to indicate the general topology, so some 
of their designations of separate cortical areas are included in fig. 1, but 
with the boundaries between areas intentionally omitted. 

It is not a generally accepted belief that almost the entire association 
cortex of the monkey may be of one cytoarchitectonic type. Krieg (1949), 
especially, has gone to the other extreme and divided the monkey’s frontal 
lobe into 40 areas. Other less recent studies that favour the traditional 
parcellation of the primate cerebral cortex are: Walker on the frontal 
lobe (1940), Peele on the parietal lobe (1942), Bonin on the frontal lobe 
(in Bucy, 1949), Beck on the orbital surface in man (1949), and Mettler 
on human material taken from frontal gyrectomy (1949). Finally, Bailey 
(in McCulloch, 1944) also gave a brain map of Macaca based on findings 
in both cytoarchitectonics and physiological neuronography. 

Thalamo-cortical connexions.—The study of thalamo-cortical con- 
nexions by tracing Marchi degeneration from thalamic lesions to the 


cortex has not been very extensively pursued. Polyak’s earlier work (1932), 


using this method, gives only the sensory projection areas of the monkey’s 
brain. It should be noted, however, that two regions of Polyak’s projec- 
tion area are commonly included in the association cortex. One region 
is the posterior portion of his somatic area (PE of Bonin and Bailey or 
area 5 of Brodmann; the authors’ names are omitted in all later designa- 
tions of cortical areas), the second region is the “ posterior Sylvian recep 
tive region” (PEop or part of area 7). Freudenberg, Glees, Obrador, Foss 
and Williams (1950), in a recent study, failed to trace Marchi granules 
from direct lesions in n. medialis dorsalis and n. pulvinaris to the cortex. 

Practically all recent histological studies of thalamic projection are 
based on the method of retrograde cell degeneration. Monakow (1905) 
described in detail the morphological changes in neurons undergoing retro- 
grade degeneration, but several investigators have pointed out the diff- 
culty of distinguishing it from transneuronal degeneration, or degenera- 
tion due to damage to collaterals (Walker, 1938; Le Gros Clark and 
Boggon, 1935: Rose and Woolsey, 1948; Chow, 1952). Rose and Woolsey 
(1948) have suggested the possibility that a neuron will degenerate only 
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when both its axon and collaterals are severed, but it will not show any 


detectable changes if only its collaterals are damaged. They demonstrated 


in the rabbit and cat that there is one “essential projection field,” the 
ablation of which will always cause degeneration of some thalamic ele- 
ment. In addition, there is a fringe zone the destruction of which will 
not affect thalamic nuclei. Destruction of both the “essential projection 
field” and the fringe zone, however, will cause more severe degeneration 
than ablation of the former alone. Unfortunately, their proposed dis- 
tinction of retrograde degeneration and degeneration following collateral 
damage has not been experimentally investigated in the monkey. Two 
recent studies have dealt with transneuronal degeneration in the cat and 
rabbit (Cook, Walker and Barr, 1951) and the distinction between trans- 
neuronal degeneration and retrograde degeneration in man (Jacob, 1951). 
The results of these studies demonstrate the occurrence of both types of 
degeneration, but give no objective criteria for distinguishing between 
them. Another difficulty of this method is the possibility of damage to 
the passing fibres under the cortex. Thus, the extent of retrograde 
degeneration may not reflect the cortical lesion alone. 

Although there are differences in the extent of degeneration that takes 
place, the dorsal thalamic degeneration following extirpation of associa- 
tion cortex in the monkey shows severe gliosis and disappearance of 
neurons. This severity of degeneration is generally considered as an 
indication of retrograde cell atrophy. Accepting such an assumption, the 
results obtained by this method aptly reveal the origin of direct thalamic 
fibres to the association cortex. Earlier work by Le Gros Clark and asso- 
ciates (1935, 1936, 1937) and by Walker (1938) outlined the general rela- 
tionship. Recent studies modify their results by adding new information 
of the specific limits in the cortical projection plan of different sectors 
within an individual nucleus. It has been generally found that the 
nuclei of the dorsal thalamus show differentiation in two dimensions, 
corresponding to the surface dimensions of the cortical field to which they 
project, and are not differentiated in the third dimension. That is, all 
neurons situated on the axis of the third dimension send their axons to 
the same, small cortical area. 

The anterior part of the lateral surface of the hemisphere (frontal 
association cortex) receives fibres from the n. medialis dorsalis.! Walker 
(1940a) first gave a general projection plan of this nucleus. Mettler (1947), 
based on his earlier studies (1943, 1945, 1945a), described in detail the con- 
nexion of mediodorsal elements to the frontal areas. Pribram, Chow and 


1 The designations of the thalamic nuclei used in this review are taken from 
Walker, 1938. 





THE “ASSOCIATION CORTEX” OF “MACACA MULATTA” 


Semmes (1953) obtained results that modified the conclusions of Walker 
and Mettler. They found that this nucleus projects to an area which 
includes the superior and inferior limbs of the sulcus arcuatus posteriorly, 
the sulcus orbitalis ventrally, and a line connecting the anterior ends of 
the sulci cinguli and rostralis medially. Lines in the nucleus radiating 
peripherally from the frontal pole correspond to the rostrocaudal axis of 
the cortex. A line in the nucleus moving from lateral to ventral, to medial, 
to dorsal direction projects to the circumference of cortex from sulcus 
principalis down to sulcus orbitalis. An anteroposterior line of the 
nucleus projects to a focal point on the cortex. This projection plan of 
the monkey differs from that of human patients with frontal lobotomies 
(Freeman and Watts, 1947, 1948; Yakovlev, Hamlin and Sweet. 1950; 
McLardy, 1950). No explanation for this difference is at present avail- 
able. The cortical region posterior to the sulcus arcuatus (FC or part of 
6) has been shown to receive fibres from the n. ventralis lateralis (Walker, 
1938: Mettler, 1947), and the frontal operculum from the n. ventralis 
posteromedialis (Clark, 1937; Walker, 1938). 

The posterior part of the lateral surface of the association cortex 
receives fibres from both n. lateralis posterior and from n. pulvinaris. 
The n. lateralis posterior projects to the middle part of the parietal lobule, 
and the n. pulvinaris projects to almost the entire parieto-temporo-pre- 
occipital region excluding the superior temporal gyrus and the insula. 
The cortical projection plan of the pulvinar has been determined by Chow 
(1950). The anterodorsal part of n. pulvinaris lateralis projects to the 
medial and superior parietal lobule and the intraparietal sulcus: the 
anteroventral part projects to the posterior parietal lobule and the intra- 
parietal sulcus; the posterodorsal part projects to the Sylvian sulcus and 
ventral preoccipital region: and the posteroventral part projects to the 


temporo-occipital regions. The projection field of the posterior nN. pulvin- 
aris medialis is the lateral surface of the temporal lobe. The n. pulvinaris 
inferior projects to the preoccipital and temporo-occipital regions. The 


discovery that the temporal neocortex receives fibres from the pulvinar, 
even though they are relatively sparse, is in disagreement with the earlier 
belief that this cortical sector is without any thalamic connexions. This 
finding was confirmed by Simpson (1952), who also found a similar pul- 
vinar connexion to the temporal cortex in one human case. Another 
noteworthy point is the inclusion of the preoccipital region in the pro- 
jection field of the pulvinar. Thus the separation of striate (koniocortex) 
from preoccipital regions (parakoniocortex) and the inclusion of the latter 
with the association cortex may have an additional justification beside the 


cytoarchitectural one. 
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The thalamic connexion to the medial surface of the hemisphere has 
not been completely determined in the monkey. One part of n. pulvinaris 


lateralis has been shown to project to the parietal medial cortex. Also, 
there is a connexion between anterior nuclei and the anterior limbic cor- 
tex (LA or 24: Walker, 1938; Mettler, 1947), but these authors give no 
indication of its exact extent. Whether the posterior limbic region and 
the retrosplenial area receive fibres from n. anterior ventralis and n. 
anterior dorsalis respectively, as Rose and Woolsey (1948) found in the 
rabbit and cat, is not clear. 

Similarly, thalamic connexions of the ventral surface of the hemisphere 
have not been systematically studied. The anterior part of the orbital 
cortex is part of the projection field of the n. medialis dorsalis (Mettler, 
1947: Bonin and Green, 1949; Pribram, Chow and Semmes, 1953). The 
caudal part of the posterior orbital surface and the anterior insulo- 
temporal region may receive fibres both from the n. medialis ventralis and 
the midline nuclei (Pribram and Bagshaw, 1953). The thalamic con- 
nexions of the rest of the ventral surface are not known. 

Recent investigations indicate that the entire cerebral cortex probably 
receives fibres from a nucleus of the ventral thalamus, the n. reticularis 
(Rose, 1952: Chow, 1952). Thus, most regions of the monkey’s association 
cortex may have dual projection fibres, one group from a specific nucleus 
of the dorsal thalamus and the other from a sector of the n. reticularis. 

Fig. 2 summarizes the known thalamic projections to the association 
cortex (the reticular projection is not shown). It is in general agreement 
with that of fig. 1, but considerably smaller, indicating that parts of the 
cytoarchitecturally defined association cortex may be devoid of any thal- 
amic connexions. Or it may mean that there are some thalamic projec- 
tions but the method of retrograde degeneration is not sensitive enough 
to reveal them, especially since the medial and ventral surfaces have not 
been carefully explored. 

At present, and until more experimental evidence is available, the 
discrepancies between the lateral extent of the association cortex as 
revealed by these two methods must stand as depicted in fig. | and fig. 2. 
There is evidence that the same type of cortex may receive fibres from 
different thalamic nuclei; and the same thalamic nucleus may project to 
different cytoarchitectural fields. As an illustration of different thalamic 
nuclei projecting to the same type of cortex we have the n. lateralis pos- 
terior, n. medialis dorsalis, and n. pulvinaris sending fibres to the same 
eulaminate cortex. These latter two nuclei are anatomically continuous 
yet send fibres to two widely separated zones of the eulaminate cortex. 
As an illustration of the same thalamic nucleus projecting to different 
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Fic, 2.—Diagrammatic drawings to show the known areas of the association 
cortex (stippled) that receive projection fibres from thalamic nuclei. The extent 
of the association area is based on that of fig. 1. AM, n. anteromedialis; LP, n. 
lateralis posterior; MD, n. medialis dorsalis; MV, medialis ventralis; Md, mid-line 
nuclei; P, n. pulvinaris: VL, n. ventralis lateralis; L, lateral; M, medial; V, ventral 
view. 


cytoarchitectural fields, we have the n. pulvinaris which sends fibres to 
eulaminate cortex as well as to parakoniocortex. 

The sectoral map of the human brain prepared by Bailey which is 
mainly based on thalamic projection studies also differs from the cyto- 
architectonic map of Bailey and Bonin (1951). These differences in topo- 
graphical projection of the different thalamic nuclei are at variance with 
the reports of Rose and Woolsey who have maintained that the limbic 
cortex of the cat and rabbit (1948), the orbito-frontal cortex of the cat, 
rabbit and sheep (1948a), and the auditory cortex of the cat (1949), are 
all arranged in cytoarchitectonic fields that correspond with the “essential 
projection fields” of different thalamic nuclei. These nuclei are function- 


ally distinguished thalamic units projecting to phylogenetically homo- 


logous cortical fields. It is a puzzling problem why such direct relation 
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between thalamus and association cortex cannot be demonstrated in the 
primates. There is a need for objective criteria that will permit unequi- 
vocal distinctions to be made between thalamic nuclei on the basis of 
structural and functional differences, and to establish the homologues of 
these nuclei in different species of mammals (cf. Lashley, 1941). Unless 
these methodological difficulties are overcome, the assumptions of Rose 
and Woolsey will not be adequate to interpret the present anatomic data 
of the primate association cortex. 

Cortico-thalamic connexions.—Studies on the cortico-thalamic con- 
nexions of the monkey's association cortex are based for the most part on 
Marchi material. The ammoniacal silver technique of Glees (1946) has 
not been widely employed. Results obtained by these two methods may 
not be entirely comparable and will be discussed separately in this and 
the following two sections. A few investigators have used Weigert stain, 
a method which is not adapted to trace the direction or dispersion of the 
cortico-thalamic fibres. 

The Marchi method is capricious and gives only limited results as it 
does not stain the degenerated unmyelinated or finely myelinated fibres. 
In spite of the claims of Monakow (1905) and Biemond (1930), there seems 
to be no systematic study establishing objectiy e criteria for: (a) differen- 
tiating the direction of Marchi granules of distal or proximal degenerated 
fibres from the point of severance; (b) determining the ending of Marchi 
granules as the terminal point of the degenerated fibres. The post- 
operative survival time has been used by Mettler (1932) to differentiate 
Marchi degeneration (eleven days) from retrograde degeneration (thirty 
days). However, there is no definite proof that such a distinction can be 
made for the cortico-thalamic system of the monkey. Different investi- 
gators have used different post-operative periods ranging from eleven days 
(Mettler, 1932; Jansen, 1937) to ninety-eight days (Glees, Cole, Witty and 
Cairns, 1950) for their Marchi study of corticofugal fibres following cortical 
ablation. Furthermore, in those studies where cross sections of the brain 
have been published, the lesion has usually involved the subcortical white 
matter. Thus, the Marchi degeneration might not originate from the 
site of cortical insult, but from damaged passing fibres. With such metho- 
dological difficulties inherent in the Marchi technique, it is not surprising 
that the results are contradictory and far from conclusive. 

The early literature has been reviewed by Bonin and Bailey (1947) so 
only a few recent studies need to be added: Mettler (19+7a), and Freuden- 
berg, Glees, Obrador, Foss and Williams (1950) on the frontal lobe; 
Lemmen (1951), and Poirier (1952) on the temporal lobe: Crosby, Yoss and 
Henderson (1952) on the frontal eyefield; Glees, Cole, Whitty and Cairns 
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(1950) on the cingular gyrus. Table I summarizes the principal results 
including the early studies. It is not intended to be comprehensive. The 
works of Mettler (1935, 1935a, 1935b, 1935c), Levin (1936), Peele (1942), 
Jansen (1937), Verhaart and Kennard (1940), Koikegami and Imogawa 
(1936), have been examined. In Table I, the designations of Bonin and 
Bailey (1947) are listed to indicate the locations of the cortical lesions 
and do not imply any structural differences. The investigator's initials 
are entered either in the column under degeneration or no degeneration, 
indicating whether or not he found Marchi granules ending in a certain 
thalamic nucleus. Only those cortical areas that have been studied are 
included. For convenience, both the hypothalamus and the subthalamus 
are not included here but are grouped under the section on other cortico- 


fugal pathways (see below). 


TaBLe I 


Principal cortico-thalamic connexions of the monkey’s association cortex as 
revealed by Marchi degeneration studies. The designation of cortical areas is based 
on Bonin and Bailey. In these designations the first letter represents the region 
(F, frontal; L, limbic; O, occipital; P, parietal; T, temporal) and the following 
letters indicate the subdivisions. (The initials of investigators’ names are used in 
Tables I to Il: A, Adey and Meyer; C, Le Gros Clark; Cr, Crosby, et al; F, 
Freudenberg, et al.; G, Gless, et al.; J, Jansen; K, Koikegami; L, Levin; Le, Lemmen; 
M. Mettler; P, Peele; Po, Poirier- V. Verhaart, et ai.: W, Ward). 

Location of cortical No 
lesion Thalamic nuclei Degeneration degeneration 
FC, FCBm, FDT, 
FD N. medialis dorsalis L, M, V 
Anteroventral part of lateral 
nuclei L,M,V 
N. reticularis M, V 
FD (caudal) N. medialis dorsalis F,L,M 
N. reticularis M 
Ventral part of lateral nuclei F, L,M 
LA Anterior nuclei G 
PC, PE, N. medialis dorsalis P 
N. lateralis posterior M, P 
Ventroposterior nuclei M, P 
N. lateralis posterior M, P 
Ventroposterior nuclei M, P 
Pulvinar M p 
(rostral) Lateral nuclei M Le, 
(caudal) Medial geniculate Le, Po, M 
Pulvinar M, Po Le 
Lateral geniculate K, M, Le Po 
Ventroposterior nuclei K,M Le, Po 
Pulvinar K, M, Po Le 


It is not necessary to analyse in detail the discrepancies of these 


results, nor is it feasible without greatly lengthening the present report. 
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From Table I the following generalizations may be made: (a) From the 
prefrontal cortex, not including the frontal pole and the rostral part, 
fibres descent to n. medialis dorsalis and the anterior ventral part of the 
lateral nuclei. Whether the so-called frontal eyefields send any efferent 
fibres to the thalamus is not certain. (b) From the parietal lobe, fibres go 
to n. lateralis posterior and n. ventralis posterior, but the data on its pro- 
jection to n. pulvinaris are conflicting. (c) From the temporal lobe, fibres 
pass to the lateral nuclei and the medial geniculate. Again, the pulvinar 
may or may not receive fibres from the temporal lobe. No conclusion 
can be made concerning the cortico-thalamic fibres from the preoccipital 
areas. The exact limits and organization of these cortico-thalamic sys- 
tems have not been determined, nor have the ventral and medial surfaces 
of the hemispheres been adequately explored. Furthermore, the corres- 
pondence between the origin of afferents and terminals of efferents in 


thalamic nuclei have been interpreted as evidence of reverberatory circuits 


between thalamus and cortex. In view of the uncertainty as to the fibres 


stained by the Marchi method, the anatomical evidence does not exclude 
the possibility that the supposed efferent fibres are actually the same 
afferents which are revealed in retrograde degeneration. 

Meyer (1949) studied human lobotomies by the Glees’ silver method 
and found fibres projecting from the frontal lobes to the ventrolateral 
group of nuclei, but only a few to the n. medialis dorsalis. She did not 
find any fibres from the cingular gyrus to the anterior nuclei. 

Cortico-cortical connexions.—The classical description of association 
bundles as determined by gross dissection has been critically reviewed by 
Bailey and Bonin (1951). No new information has since been added. 
Microscopic observations of cortico-cortical fibre pathways are based for 
the most part on early Marchi studies. The same methodological prob- 
lems discussed in the last section apply also to these data. Because of the 
difficulty in interpreting Marchi degeneration, these connexions will have 
to be viewed with some caution. All the findings are taken from the 
reports referred to in the last section, and the references will not be 
repeated here. The only other study that should be added is that of 
Ward (1948). He found Marchi granules from the cingular gyrus to the 
medial surface of OA(19) or possibly to the retrosplenial region. 

Table II gives only the principal cortico-cortical connexions of the 
monkey’s association cortex. Since investigators agree that, in general, 
there are degenerated fibres around the site of a cortical lesion (short asso- 
ciation fibres) and to the homotopic and heterotopic areas of the opposite 
hemisphere (the callosal fibres), these connexions are not included. The 


heterotopic connexions generally follow the principle of heterolateral 
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cortical callosal association as stated by Mettler (1935), i.e..if area A is 
connected homolaterally to area B by a long association fasciculus, it is 
also connected to area B of the opposite side by callosal fibres. These 
callosal fibres follow a course similar to the corresponding association 
fibres from A to B. If a certain connexion from the same cortical area 
was found by some, but not by other investigators, a question mark is 
placed after the name of that cortical area. Since most of these works 
are early contributions they are tabulated here to make the review com- 


plete. The designations of Bonin and Bailey are used to indicate the 


cortical areas; the initials of individual investigators are put in parentheses. 


Taste II 

Principal cortico-cortical connexions of the monkey’s association area as revealed 
by Marchi degeneration studies, The designations of cortical areas are based on 
Bonin and Bailey. In these designations the first letter represents the region (F, 
frontal; L, limbic; O, occipital; P, parietal; T, temporal) and the following letters 
indicate the subdivisions. The investigators’ initials, in parentheses, are similar to 
those of Table I. 

" Afferent fibres from Cortical areas Efferent fibres to 
FB, FD(M-]J) FC, FCm, FDT, FD FA, FD, PB, TA, TE(M-J) 
FB(M-J); FC(M-J)? FD (caudal) FC, FB(M-J); TA, TE, 
PF(M-J)? 
FD, FB(M-J) LA OA(W)?; PC, FB(M)?; FC, 
LC, FD, FL(G) 
PG(M)?; PB, FC(P—M) PC PE, FA, FB, TA, TE(M-P) 
PG, PC(M-—P); TA(M-]) PE, PEm PC, PG, FA, PB(M-P); TA, 
TE, FB, OA(M)? 
PE, PEm(M-P); FD(M-J)? PG, PF PC, PE(M-P); TA, TE, OA, 
LA, FA(M)? 
TE, TF(A); PC(M-P); PG, y TE, PB, PC, PF, 
PF(M)?; FD(M-J)? PE(M-—J—Le-Po); PG, TF, 
FA, OA, FB(M-J-Le)? 
TA, PC, PF, 5 OA, TF, TA(M-—Le); PB, 
PE(M-—J—Le-—Po): PG, FA, FB, PG(M)? 
FD(M-])? 
TE, TA, PG, PE(M-Le)?; OA, OB OC(M)?; TA, TE, PG, 
OC(M-C) PF(M) 

Table II shows a lack of agreement on some of the fibre pathways. 
From these data, however, the following generalizations may be tenta- 
tively suggested. Within the frontal areas, the parieto-temporo-preoccipital 
areas and the medial surface (cingular gyrus and retrosplenial area), there 
are abundant reciprocal connexions. The other possible long associations 
are: fibres from the temporal lobe to the region around the central fissure, 
and from the caudal portion of the prefrontal area to the temporal cortex. 
More reliable data are needed to increase the accuracy of the location 
of the connexions between sub-areas, and to cover the unexplored medial 


and ventral surfaces. 
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Adey and Meyer (1952), employing Glees’ silver method, studied the 
temporal cortex of the monkey and found terminal degeneration in the 
entorhinal area (TH?) following a cortical lesion in the superior temporal 
gyrus and insula. Also, they found fibre pathways from the anterior 


superior temporal gyrus to the orbital cortex, particularly to Walker’s area 
13 (FF). 

Other corticofugal pathways.—Besides the previously described cortico- 
thalamic connexions, there are several recent studies of corticofugal path- 
ways from the frontal, temporal, and pre-striate regions. Mettler (1947a) 
demonstrated that there are few descending fibres to other neural centres 
(nuclei septi and stria terminalis) beside the dorsal thalamus in the orbital 
and rostral frontal lobe (Brodmann’s areas 9-12). From the frontal eye- 
fields there are fibre connexions to the pallidum. The area FC (part of 
area 8) sends fibres to the caudate, putamen, pallidum, hypothalamus, 
tegmentum, oculomotor complex, pons, and the pyramidal tract. Mettler 
questioned the validity of ascribing the origin of the cortico-rubral tract 
to this region. Crosby, Yoss and Henderson (1952) carefully analysed the 
course of the fibre paths from the frontal eyefields to the nuclei of the eye 
muscles, and from the preoccipital cortex (OA or 19) to the superior colli- 
culus, pretectal region, and the oculomotor complex. Ward (1948) found 
Marchi degeneration from the anterior cingular gyrus (LA or 24) to the 
bulbar reticular formation, but none to the basal ganglion or thalamus. 
Lemmen (1951) and Poirier (1952) described fibre tracts to the hypothala- 
mus, colliculi, tegmentum, substantia nigra, red nucleus, and pons from 
the temporal lobe. Lemmen also showed that there were fibres going 
from the preoccipital areas to the striatum. 

These recent studies, as well as earlier works, are based either on 
Marchi or Weigert material. The same methodological considerations as 
discussed before apply to the results reported here. For the sake of com- 
pleteness and brevity, the principal findings on the corticofugal pathways 
excluding those terminating in the dorsal thalamus, are presented in Table 
IIf. The references for the early literature are similar to those listed in 
the section on cortico-thalamic connexions. The initials of individual 
investigators are given in parentheses. If a certain fibre connexion, from 
approximately the same cortical lesion, is demonstrated by one author 
but not by others, a question mark is placed after the particular pathway. 

The Glees’ silver stain for terminal degeneration has been used to study 
the corticofugal fibres from selected regions of the cerebral cortex of the 
monkey. Le Gros Clark and Meyer (1950) studied the frontal lobe and 
found that the ventromedial and paraventricular nuclei of the hypo- 
thalamus receive fibres from FC and FF. The former is in agreement 
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Tasce III 


Principal corticofugal connexions to subcortical centres other than dorsal 
thalamus as revealed by both Marchi and Weigert material. The designations 
of cortical areas are based on Bonin and Bailey. In these designations the first letter 
represents the region (F, frontal; L, limbic; O, occipital; P, parietal; T, temporal) 
and the following letters indicate the subdivisions. The investigators’ initials are 
similar to that of Table I. 


Cortical areas Subcortical centres 

FC, FCBm, FDT, FD caudate (L, M); putamen (L, M); pallidum (M)?: 
hypothalamus (M)?; substantia nigra (L, M); superior 
colliculi (L, M)?; oculomotor complex (M, Cr); pon- 
tine nuclei (L, M); tegmentum (L, M); inferior olive 
(M)?; pyramidal tract (M)? 

FD (caudal) pallidum (M)?; subthalamus (M, V)?; substantia nigra 
(L, M); pontine nuclei (L, M) 
LA nuclei septi (G, W); bulbar reticular formation (W)? 
PC : substantia nigra, pontine nuclei, red nucleus (M, P): 
oculomotor complex (M)? 
PE, substantia nigra, pontine nuclei, superior colliculi 
(M, P); oculomotor complex (M)? 
hypothalamus, subthalamus (M)?; substantia nigra, 
pontine nuclei, superior colliculi (M, P); oculomotor 
complex (M)? 
subthalamus (M)?; substantia nigra, pontine nuclei, 
superior colliculi, red nucleus (Le, M, Po); oculomotor 
complex (M)? 
hypothalamus, subthalamus (M)?; substantia nigra, 
pontine nuclei (Le, M, Po); superior colliculi (M, Po)?; 
oculomotor complex (Le, M)? 

OA, OB substantia nigra and pontine nuclei (M)?; superior 
colliculi, oculomotor complex (Cr, Le, M); striatum 
(Le)? 


with Mettler’s Marchi study, and the latter was confirmed by Wall, Glees 
and Fulton (1951). This study also indicates that only the posterior 
orbital surface (FF), and not the anterior part, projects to the hypo- 
thalamus. Adey and Meyer (1952) demonstrated that the tip of the tem- 
poral lobe projects to the hypothalamic nuclei. Finally, Meyer (1949) 
studied human lobotomies by this method, and found that fibres project 
from the frontal lobes to the hypothalamus and subthalamus, which 
agrees in general with the experimental studies on the monkey. 
Concluding remarks.—A great amount of effort has been devoted to 
the histological study of the monkey’s association cortex, but the result- 
ing data are far from complete. From this brief survey of the recent 
literature together with some earlier work, one receives the impression 


that unless the fundamental problems of methodology are solved, the 


present unsatisfactory state of our knowledge will not materially improve. 


In the field of cytoarchitectonics, the trend is to admit the shortcom- 
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ings of the current methods. This will avoid controversy over the minute 
divisions of cortical areas, and place the emphasis on the few types of 
cortex that can be verified under the microscope. Of course, this does 
not necessarily mean that the cortex cannot be divided into structurally 


distinguishable areas eventually. It does point out, however, that such 


an effort will be fruitless unless some objective criteria are set up. Recent 
evidence, based on retrograde degeneration, indicates the precise limits 
and orderly projections from some thalamic nuclei to the cortex. It seems 
that a systematic study of the different types of degeneration—retrograde, 
transneuronal, collateral damage—is the necessary next step. As long as 
criteria for distinguishing between these degenerations are not available 
the carefully analysed cortical projection fields of the thalamic nuclei 
may not actually represent the direct thalamo-cortical pathways. Furthe1 
more, at present there is no way of arbitrating between the different results 
obtained by various experimenters. The need for fundamental research 
to determine the nature of Marchi degeneration is evidenced by the con- 
flicting results listed in Tables I, I, and III. Recent studies have not 
clarified the cortico-cortical and corticofugal fibre pathways. Even the 
post-operative survival period, which is considered to be critical in deter- 
mining Marchi degeneration, varies over such a wide range! from one 
experimenter to the next, that it becomes difficult if not impossible to 
integrate the results. The fact that in some reports the spread of Marchi 
granules extends to almost the entire brain, whereas in others only 
restricted degeneration is reported, may also reflect the lack of standardiza- 
tion of technique, the different degree of strictness in accepting Marchi 
degeneration, and the failure to recognize Marchi artifacts. 

The silver stain of Glees promises to be a better technique for fibre 
tract studies than the Marchi method. Whether it is practical to apply 
it systematically to the monkey's association cortex remains to be demon- 
strated. An analysis of the intrinsic structure of cortical areas such as 
that of Lorenté de No (in Fulton, 1943) on the brain of the mouse. is 
needed, although such a task may prove to be very difficult in the case of 
the monkey. 

The positive aspect of the present data should be mentioned. The 
cellular structure of the association cortex seems to be more homogeneous 
than it was previously thought to be. A large portion of the lateral sur- 
face of the hemisphere receives projections from several closely related 

| Post-operative survival periods (in days) used by investigators for their Marchi 
studies are: Le Gros Clark, 14-15; Crosby, et al., 21 or less: Freudenberg, et al., 


25-83; Glees, et al., 14-98; Jansen, 10-21; Lemmen, 14: Levin, 14; Mettler, mostly 


11, some over two months; Peele, 21: Poirier, 6-62. 
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and nearly continuous thalamic nuclei. The differentiation of the various 
nuclei of the thalamus has not been questioned, yet there may be no more 
justification for distinguishing these nuclei as functional elements than 
for distinguishing the architectonic divisions of the association cortex. The 
orderly thalamis projection is directed into a more or less homogeneous 
cortical field. This cortical sector probably sends fibres back to the 
thalamic nuclei, although we are not certain about the rostral portion of 
the frontal lobe and the posterior part projecting to the pulvinar. The 
interconnexions between areas are mainly separated into the anterior and 
posterior groups with some possible long fibre pathways communicating 
between them. Also, like some other parts of the cortex, the association 
areas send fibres to a variety of subcortical centres. 

A characterization of the association cortex based on an integration 
of all the histological data is not possible. From the point of view of its 
cortico-cortical and corticofugal connexions, it does not differ in any 
significant way from sensory or motor projection areas. The distinction 
between extrinsic and intrinsic thalamic nuclei made by Rose and Woolsey 
(1949a) may be applied here. The projection field of the latter is the 
association cortex. It excludes the sensory and motor projection areas, 
and the cingular gyrus. This definition depends on a definite knowledge 
of the afferent connexions of the thalamic nuclei. If some of the sup- 
posed intrinsic nuclei are found to receive afferent fibres, then their pro- 


jection fields may no longer be considered as association areas. There is, 


indeed, some indication that two of the principal intrinsic nuclei may 


have afferent connexions: i.e. the n. medialis dorsalis may receive fibres 
from the hypothalamus (Murphy and Gellhorn, 1945; Le Gros Clark, 
1948); and the pulvinar may project to a possible visual area II (Chow, 
1950), thus again raising the old question concerning terminations of the 
optic tract in this nucleus. 

Finally, to define the association cortex from structural characteristics, 
it is the eulaminate neocortex plus its three or four limitrophic zones. The 
discrepancy between these two histologically defined association areas is 
well illustrated in figs. | and 2. The answer as to which one to choose 


or what compromise to make probably has to come from our knowledge 


of the physiology and function of the cortical areas. 


ELECTROPHYSIOLOGY 
One of the most active fields in experimental neurology at present is 
the study of the electrical phenomena of the nervous system. Modern 
electronic equipment makes possible the recording and analysing of 
minute potential changes of the nerve tissue. Brazier’s (1951) monograph 


BRAIN—VOL. LXXVI 4? 





642 KAO LIANG CHOW AND PAUL J. HUTT 


summarizes the general field. Except for studies of somato-motor and 
autonomic responses following electric stimulation, practically all electro- 
physiological studies on the cerebral cortex of the monkey are confined 
to two aspects. One is to determine the boundary of action potentials 
picked up from the cortex following stimulation of a peripheral nerve or 
sense organ: the other is to trace cortico-cortical and corticofugal con- 
nexions by the method of physiological strychninization. Results obtained 
by these methods are usually used to supplement the anatomical data. 
Whether these electrophysiological results are strictly comparable to those 
provided by micro-anatomy is yet to be determined. 

Electrocorticogram: cortical areas—Garvin and Amador (1949) made 
an attempt to correlate ECG characteristics with different cytoarchitectonic 
fields of the monkey. They found that it is possible to distinguish changes 
of ECG recorded from the pre- and post-central gyri and the occipital 
region: but no significant differences between tracings from the prefrontal, 
parietal, and temporal lobes. The latter finding may be interpreted to 
indicate the homogeneity of the electrical properties of the association 
areas. But in view of our ignorance about what ECG signifies, such an 
inference is probably premature. 

Thalamo-cortical connexions.—Electrophysiological studies on the 
thalamo-cortical connexions depend entirely on the recording of cortical 
action potentials following either electric shock to the nerve or physical 
stimulation to the sense organ. Consequently, most of the investigators 
are concerned with the mapping of various sensory projection areas. Only 
very few studies have recorded potentials on the extra-sensory cortex by 
directly stimulating thalamic nuclei. 

The great amount of data on the stimulation of the peripheral nerves, 
ganglia, and spinal cord do not provide an interpretation of the cortical 
potentials. The few authors who have analysed the electrical response 
of the cortex disagree in their interpretations. For example, Chang (1950, 
1952) disagrees with Bishop and Clare (1952) as to the origin of the elec- 
trical changes picked up from the occipital lobe. The attempts of Chang 
(1951) and Burns (1951) to provide an anatomical basis of cortical poten- 


tials are questioned by Eccles (1951). A discussion of the conflicting 


viewpoints is out of place here. It is clear, however, that we know very 
i d 


little about the nature of these potentials, even though they have been 
used extensively to determine cortical afferent connexions. Research on 
some of the fundamental problems involved is essential to provide a 
rationale for comparing results obtained by this technique with that of 
histology. First, what are the neural elements responsible for the various 


components of the evoked cortical potential ? Second, do action poten- 
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tials cross synapses at the cortex? It is generally assumed that cortical 
potential maps of sensory areas I, II or III indicate direct thalamic afferent 
connexions. On the other hand, these potentials must have passed a series 
of synapses before reaching the cortex from the periphery. How can 
these two facts be reconciled? Third, anzsthetics seem to influence the 
spread of the cortical electrical response. Since all the experiments on 
animals are performed under anesthesia, a change of the level of anzs- 
thesia may change the picture of the mapped sensory areas. 

No definite answers to these and other pertinent questions are avail- 
able. At present, the results obtained by the method of evoked poten- 
tials have to be taken as they stand. The sensory areas mapped out by 
this technique on the cortex of the monkey are: visual area I, auditory 
areas I and II, somesthetic areas I and II (Woolsey, 1947), and olfactory 
area (Kaada, 1951). Besides, there are motor areas, electric stimulation of 
which will cause somato-motor responses: motor area I and supplementary 
motor area (the recent study of Woolsey, Settlage, Meyer, Sencer, Hamuy 
and Travis, 1952, includes both the traditional motor and premotor areas); 
motor area II (Sugar, Chusid and French, 1948), and ipsilateral face areas 
(Lauer, 1952). Kaada reported his own study and summarized most of 
the experimental work obtained by electrical stimulation of parts of the 
medial and basal aspects of the fore-brain. The areas responsible for 
autonomic and somato-motor responses are: anterior limbic (confirming 
Smith, 1945; Ward, 1948; Glees, Cole, Whitty and Cairns, 1950), subcal- 
losal, posterior orbital, anterior insular, anterior hippocampal gyral, and 
temporal polar regions (confirming Pribram, Lennox and Dunsmore, 1950: 
Dunsmore and Lennox, 1950; Delgado, 1948; Kaada, Pribram and Epstein, 
1949). Crosby and. Henderson (1948), Crosby, Yoss and Henderson (1952), 
confirming earlier studies (see Smith, 1949), observed eye movements by 
stimulation of the frontal eyefields and the preoccipital areas. These cor- 
tical regions are traditionally not considered as motor cortex, but the 
physiological criterion for separating them from the three motor areas has 
not been convincingly stated. Finally, Woolsey and Chang (1948), by 
stimulating the medullary pyramids, picked up antidromic potentials 
from the superior temporal sulcus to the arcuate sulcus including all 
parietal and most of the frontal lobes. Whether this entire area may be 
all motor cortex awaits further clarification of the antidromic potentials. 

Fig. 3 illustrates another way of determining the extent of the asso- 


ciation cortex. It includes all of the cytoarchitecturally defined neocortex 


except the sensory and motor areas as determined electrophysiologically. 


The sectors on medial and basal surfaces are depicted by a question mark 
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Fic. 3.— Diagrammatic drawings to show the known sensory and motor areas 
as determined by electrophysiological methods. The rest of the neocortex (stippled) 
is the remaining association cortex. AI, All, auditory areas I and Il; MI and MII, 
motor areas I and II; O, olfactory area; SI, SII, somatic areas I and II; SM, supple- 
mentary motor area; A?, possible auditory area; S:, possible somatic area; ?, areas 
for eve movements and other autonomic, somato-motor responses. L, lateral; M, 


medial; V, ventral view 


indicating their ambiguous status although on_ electrophysiological 
grounds they may be considered as motor areas. 

The lateral extent of association cortex shown in fig. 3 (the medial and 
ventral surfaces are not extensively explored) is smaller than that of figs. 
| and 2. The trend in electrophysiology is to find more and more sensory 
and motor areas. It is possible that the remaining association fields might 
become even smaller. In the cat, there have been found three visual areas 
(cited in Thompson, Woolsey and Talbot, 1950), a vestibular nerve (Kemp- 
insky, 1951), a chorda tympani nerve (Patton, 1952), and a composite 
sensory (Mickle and Ades, 1952) projection areas. In the dog, there are 


three auditory areas (Tunturi, 1946). These additional areas may soon 


be discovered in the monkey’s brain. Indeed, there is indication that the 
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auditory areas may include the insula and the lower part of the parietal 
lobe (Pribram, 1953). How to reconcile the ever-shrinking association 
cortex of the physiologist to that of the histologist poses some funda- 
mental questions. Perhaps the association cortex as an entity is physio- 
logically meaningless and should be discarded. Or perhaps studies are 
needed to explore the significance of the first, second, third or even fourth 
sensory and motor areas. There may be differences among them to make 
a separation of projectional and associational zones possible. 


Thalamo-cortical connexions of the monkey’s temporal pole were 
studied by Ajmone-Marsan and Stoll (1951). They stimulated directly the 
subcortical structures by both electric shock and strychninization, and 


found the following centres have direct connexions to the temporal lobe: 
n. lateralis dorsalis, n. lateralis posterior, and n. pulvinaris. There is a 
diffuse two-way conduction between the thalamic nuclei and the temporal 
cortex, which shows a seeming lack of orderly projection between the two 
regions. Starzl and Whitlock (1952) found diffuse potential changes of 
the entire frontal and part of the posterior association cortex as a result 
of stimulating any one of the following: n. centrum medianum, intra- 
laminar nuclei, mid-line nuclei, n. ventralis anterior, and rostral n. reticu- 
laris. They assumed that the cortical cells were being fired, not directly 
from these nuclei, but indirectly through intermediary thalamic connec- 
tions of n. medialis dorsalis, n. pulvinaris, and anterior nuclei. 

Cortico-thalamic connexions.—There is no systematic electrophysio- 
logical study of the cortico-thalamic connexions of the monkey’s asso- 
ciation cortex. Ajmone-Marsan and Stoll (1951) applied both electric 
shock and strychnine to the temporal pole and found potential changes 
and “strychnine spikes” from the n. pulvinaris, n. lateralis posterior, and 
mid-line nuclei. Jasper, Ajmone-Marsan and Stoll (1952) used the method 
of repeated electric stimulation of the cortex and recorded after-discharges 
from subcortical centres. They admitted that these corticofugal con- 
nexions may be polysynaptic although probably not antidromic. The 
following is a summary of their results: (a) Area OA projects to the pul- 
vinar, and intralaminar nuclei. (b) The temporal lobe and insula project 
to the pulvinar, lateral posterior nuclei group, lateral geniculate, medial 
geniculate, and intralaminar nuclei. (c) The frontal pole and anterior 
cingular region project to intralaminar nuclei, especially n. centrum 
medianum, n. medialis dorsalis, and n. ventralis anterior. 

Using the method of physiological neuronography, Garol and McCul- 
loch (1944) found connexions from the posterior perietal lobule to n. pul- 
vinaris. In the cat, Murphy and Gellhorn (1945) and Niemer and 
Jimenez-Castellanos (1950) found strychnine spikes in the thalamus after 





646 KAO LIANG CHOW AND PAUL J. HUTT 


strychninization of a restricted cortical area. The spikes were distributed 
over a larger thalamic area than usually necessary to fire the same area 
of cortex. The significance of the results obtained by this method, how- 
ever, May require further vindication (see next section). Caution prob- 
ably should be observed in interpreting these results as evidence for direct 
cortico-thalamic connexions without synapses in between. 
Cortico-cortical connexions.—Practically all electrophysiological studies 
of the monkey’s cortico-cortical connexions are based on data obtained by 
physiological neuronography. The results of this method are said to indi- 
cate direct connexion from a locally strychninized region of the central 
nervous system to another where strychnine spikes are recorded. These 
connexions are assumed by Dusser de Barenne and McCulloch (1939) and 
McCulloch (1949) to have the following characteristics: (a) The impulses 
are conducted through axonal pathways and not across a synapse. (b) 
[he impulse is unidirectional and not antidromically conducted. (c) The 
absence of spikes from a certain region indicates the lack of fibre con- 
nexions to this region from the site strychninized. (d) The strychnine 
acts upon all the neurons which fire synchronously, and not on their axons. 
The evidence for these assumptions is mostly indirect and hardly con- 
clusive. Only a brief discussion on some of the more important aspects 
is included here. The evidence for point (a) is mainly based on the 
finding that after extirpation of the thalamus, strychnine spikes are still 
present at the sensory cortex following strychninization of the nuclei 
gracilis and cuneatus. Dusser de Barenne and McCulloch believe that 
this indicates direct fibre pathways from the latter to the cortex without 
synapses at the thalamus. There is, however, the possibility that synapses 
may exist in other parts of the brain-stem. They admitted that some- 
times strychnine spikes do cross a synapse, especially if the strychnine 
is not quite “locally” applied. Thus, “until evidence to the contrary is 
forthcoming,” they consider assumption (a) to be sound. For points 
(b) and (d), there is the finding that strychninization of region A (e.g. 
premotor cortex) will fire region B (caudate nucleus) but not the reverse; 
or strychninization of region A (e.g. OC) will fire B (OB), B will fire C 
(OC), but A does not fire C. Also, local strychninization of the posterior 
horn of a spinal segment will cause symptoms of sensory excitation only 
within the corresponding body segment and does not spread to other 


parts. The interpretation of the first finding depends on the validity of 


point (c), to which no direct experimental evidence seems to have been 


offered. The second finding demonstrates that strychnine affects the cell 
body of the dorsal horn, but does not exclude the possibility that the 
strychnine may have no effect on other neuronal aggregates. 
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There have been several recent attempts to analyse further the mode 
of action of the strychninization. The results are not entirely in line with 
the basic assumptions advanced by Dusser de Barenne and his associates. 
There are various regions in the nervous system where strychnine will not 
elicit spikes even though the definite neuronal group and its fibre path- 
ways are known. Dow (1938) failed to record strychnine spikes on the 
cerebellum; Frankenhaeuser (1951) on the olfactory bulb and distant part 
of the vagus nerve; Wall and Horwitz (1951) on the dorsal root ganglion, 
oculomotor nucleus, Edinger-Westphal nucleus, and lateral horn cells. 


Thus, negative findings by this method do not necessarily mean the 


absence of direct fibre paths. The latter authors also found that strychnine 


spikes will cross the synapses in the stellate ganglion without change in 
synchronization. Both Wall and Horwitz (1951) and Chang (1951a), 
however, considered that transynaptic conduction of spikes probably does 
not occur at the cortex. This supposition is based on the assumed differ- 
ence in synaptic morphology at the cortex and at the stellate ganglion. 
But owing to our lack of knowledge concerning the cortical cells or layer 
of cells that generate strychnine spikes and their axon-dendrite morph- 
ology, the possibility of cortical transynaptic conduction cannot be defi- 
nitely ruled out. Finally, Wall and Horwitz reported some data that even 
suggest the presence of distant electrotonus and ephaptic transmission of 
strychnine effects. 

The basic assumptions of physiological neuronography thus appear to 
be not unequivocally established. This method may not be suitable to 
reveal direct anatomical fibre connexions. With these reservations in 
mind, the results of strychninization study on the interrelations of the 
monkey’s association areas are briefly summarized. 

Earlier studies by Dusser de Barenne, Bailey, Bonin, Garol, McCulloch, 
Ward, and associates (Dusser de Barenne, Garol and McCulloch, 1941, 
1941a; McCulloch, 1944, 1948: Bailey and his associates, 1943, 1943a, 1944; 
Bonin, Garol and McCulloch, 1942; Ward, 1948) concentrate mostly on the 
lateral surface of the hemisphere. Chusid, French, Sugar, and associates 
explored the buried cortex within the principal sulci (Sugar and his asso- 
ciates, 1948a, 1950, 1950a, 1950; French, Sugar and Chusid, 1948; Chusid, 
Sugar and French, 1948). The recent investigations of Lennox, MacLean, 
Pribram, and associates are on the medial and basal aspects of the brain 
(Pribram, Lennox and Dunsmore, 1950: Pribram and MacLean, 1953: 
Dunsmore and Lennox, 1950; Kaada, 1951). Almost the entire brain has 
been covered by physiological neuronography, and it would be superfluous 
to review in detail the enormous literature that has appeared in the last 
decade. The findings have been summarized several times. The latest 
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summary is by Bailey, Bonin and McCulloch (1950, p. 386). They have 


provided a chart including the findings prior to 1950. Fig. + is an abridged 


AREAS FIRED 





AREAS STRYCHNINIZED 


























Fic. 4+.—Chart of cortico-cortical connexions within the monkey’s association 
cortex as determined by the method of physiological neuronography. The designa- 


tions of cortical areas are based on Bonin and Bailey, 1947. 





form of this chart with the projection areas omitted and new data added. 
Every entry in this figure has been checked with the original reports. 
Studies on the mediobasal brain, where interconnexions between allo- and 
neocortex are abundant, are partially included. They will also be sum- 
marized in a later paragraph. This figure gives only the homolateral 
interareal connexions. The fibre pathways to the opposite hemisphere 
have not been extensively studied with this method. There are very few 
data on the mediobasal surfaces, except for the anterior cingulate and 
posterior orbital gyri which were found to fire the opposite homotopic 
areas. On the lateral aspect of the hemisphere, most of the association 
areas send fibres to either homotopic, and/or heterotopic areas. Two 
notable exceptions are areas PC and TA, from which no commissural 
fibres have yet been demonstrated. 








XUM 
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Investigators have usually failed to report the extent of area explored, 
the points of negative finding, and the exact site of strychninization. They 
have listed only the areas (based on Brodmann’s or Bailey’s map) that 
are strychninized and fired. Since it is shown that cytoarchitectural 
classifications are not reliable criteria for cortical topology and that the 
negative findings do not indicate the absence of connexions, these earlier 
descriptions are not satisfactory. Later studies (around 1950) have im- 
proved the procedure and give maps for each site of stimulation, depicting 
both positive (fired) and negative (not fired) points. 

The complexity of the interrelations of cortical areas as determined by 
physiological neuronography is aptly shown in fig. +. Indeed, one of the 
original investigators in this field has expressed doubt, because of this 
complexity, about the usefulness of this kind of information for the under- 
standing of the cerebral integrative functions (Bailey, 1949). Fig. 4 indi- 
cates many more cortico-cortical connexions than have been demonstrated 
by histological techniques (compare Table Il). The tendency of current 
work is to fill in the missing connexions. Since negative findings do not 
necessarily mean the absence of fibre pathways, it is difficult to evaluate 
conflicting results. For example, Ward, Peden and Sugar (1946) found 
connexions from medial PE and FDA to PG which were not included by 
McCulloch (1944). 

No generalization can be readily made from the results depicted in 


fig. 4. Reports on the connexions of the depth of some of the sulci 


< 


however, may indicate some sort of principle. There seems to be a 
tendency for the buried cortex of one sulcus to connect with the buried 
cortex of another distant one. The posterior part of the sulcus principalis 
has two-way connexions with the intraparietal sulcus. The buried cortex 
of the arcuate sulcus fires that of the lunate sulcus and vice versa. The 
anterior wall of the superior temporal sulcus tends to fire around the 
arcuate sulcus. Any interpretation of these distant associations probably 
has to be based upon future histological and behavioural evidence. 

The recent study of Pribram and MacLean (1953) indicates the authors’ 
awareness of both the limitation of the method and the necessity of obtain- 
ing some generalizations from the results. They analysed the mediobasal 
aspects of the monkey’s brain, and divided it into five zones. Each zone 
is a functional unit in the sense that all points within it are reciprocally 
fired by strychnine. Limits of these regions are determined by the lack 
of connexions, or unidirectional connexions only. There is considerable 
overlap among these zones. The authors state that there may or may not 
be transynaptic connexions, but they believe that these data may be 
independent of anatomical inference and are functionally meaningful. 
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Since all these regions include both allocortex and neocortex, it is uncertain 
whether they should be divided and some parts subsumed under associa- 


tion cortex. These five regions are: fronto-temporal (posterior orbital, 


anterior insula, temporal polar, periamygdaloid, frontal operculum); 
medial occipito-temporal (hippocampal gyrus, fusiform, ligual areas); 
medial parieto-occipital (parasplenial, posterior cingular, precuneal areas), 
medial fronto-temporal (rostral cingulate, superior frontal areas): and 
tmnedial frontal (subcallosal, medial orbital, frontal polar areas). 

Other corticofugal pathways.—Connexions from frontal areas to the 
basal ganglion have been extensively studied with the method of physio- 
logical neuronography. Most of the works are concerned with the neural 
paths of the so-called “suppressor bands.” Since these data have been 
recently reviewed and seriously questioned (Marshall, Essig and Dubroff, 
1949; Clark, 1949; Sloan and Jasper, 1950; Druckman, 1952), they are no1 
dealt with here. Strychnine spikes have been recorded in the ipsilateral 
caudate nucleus after strychninization of the following areas: FC (Dusser 
de Barenne, Garol and McCulloch, 1941a), LA (Bailey and his associates, 
1944), and probably PC (Bailey, Bonin and McCulloch, 1950). Sachs, 
srendler and Fulton (1949) found that strychninization of area FF will 
fire the contralateral caudate nucleus and the putamen bilaterally. In 
addition, there are connexions from LA to the medial bulbar reticular 
formation (McCulloch, 1948). 

The strychnine technique has been used to demonstrate connexions 
from the frontal cortex to the hypothalamus (Ward and McCulloch, 1947) 
and from the orbital surface to the hypothalamus (Sachs, Brendler, Fulton, 
1949). These two studies analysed the projection of separate frontal areas 
to different hypothalamic nuclei. They are: the posterior orbital surface 
projects to posterior hypothalamic area, paraventricular nucleus, and 
lateral preoptic area; the rostal area FD, to supraoptic nucleus; the caudal 
area FD, to para and peri-ventricular areas; and the area FC projects to 
the posterior hypothalamic area. These findings are in general compar- 
able to Mettler’s results based on Marchi studies. 

Ajmone-Marsan and Stoll (1951) demonstrated connexions from the 
temporal pole to globus pallidus, substantia nigra, and the septal area, 
with physiological neuronography: from the temporal pole to hypothala- 
mus, corpus Luysi and septal area by the method of recording after- 
discharges. Using the latter method, Jasper, Ajmone-Marsan and Stoll 
(1952) showed that besides the connexions to thalamus, there are fibre 
pathways from the FD, LA, OA areas, temporal lobe, and insula to 
mesencephalic reticular formation, tegmentum, substantia nigra, hypo- 


thalamic and subthalamic areas. There seem to be differences in degree 
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of fibre concentration from different cortical regions to these subcortical 
centres, i.e. the frontal areas are the most sparsely distributed. 
It should be emphasized again that all these corticofugal connexions, as 





determined by both of these techniques, indicate the existence of some 






kind of association and do not necessarily show direct fibre pathways. 
Concluding remarks.—The fruitfulness of any technique for the study 






of the structure and function of the nervous system depends on whether 





the method gives reliable, differential results, and whether these resulis 






can be related to the generally accepted knowledge of the nervous system. 
Because of the lack of experimental studies to determine the nature and 






the structural bases of these electrical effects, it is not possible, at present, 





to evaluate some inconsistences of the data obtained by various investi- 





gators. Furthermore, after consistent results are obtained, there still 






remains the problem of relating the electrical phenomena to known neural 





structures. The clarification of the latter probably is contingent on answers 





to the following questions. To what are the evoked potentials related ? 





What significant differences are there among the first, second, and third 






sensory and motor areas? Do the strychnine spikes and cortical after- 





discharges indicate the axonai endings of a fibre tract coming from the 





site of stimulation? Until these and other relevant problems have been 





studied the interpretation of the data remains in dispute. The following 





points are particularly ambiguous. (a) There are cortical regions that have 






more than one sensory and motor projection area (e.g. the parietal opercu- 





lum and posterior insula are the locations of somatic area II, motor area 





. and possibly auditory areas). ») The corticofugal connexions as deter- 
II nd | bl lit .. (b) TI ticofugal conn is dete 





mined by different methods (strychninization, cortical after-discharge, 


and evoked potentials) do not agree. (c) From a certain cortical area the 






efferent fibres are distributed to widespread thalamic centres, some of 


which do not send fibres back to this cortical area. (d) Cortico-cortical 





connexions are so abundant that no inferences concerning functions can 





be drawn from them. 
The tendency to discover more and more sensory and motor areas 





necessarily decreases the extent of the association cortex. Some of the 





second or third projection areas are, cytoarchitecturally, eulaminate cortex. 





\lso, some of them receive projections from the association thalamic 





nuclei and not from the relay nuclei as determined by histological tech- 





nique. It is obvious that the association cortex thus delimited does not 





correspond to the one defined either cytoarchitecturally or according to 





thalamo-cortical projections. 





Physiological neuronography -has revealed numerous cortico-cortical 






connexions, even more than those found by Marchi material. The com- 
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plicated nature of inter-areal relationships occurs both within the associa- 
tion or projection cortices. Since negative findings by this method pro- 
bably do not mean the absence of fibre tracts, these connexions can only 
increase in number as new studies appear. The most vexing problem here 
is the possibility of transynaptic and ephaptic transmission of strychnine 
spikes at the cortex. For it is probably reasonable to assume that any 
cortical region will sooner or later be connected with any other region, 
after a series of synapses. The increasing complexity of the strychniniza- 
tion results may demonstrate only this statement, possibly with one impor- 
tant modification—these connexions indicate the most favoured route for 
strychnine spikes to travel. Is it because either they are direct fibre tracts 
or functionally more related to each other; or because they reflect arti- 
ficially created conditions under the experimental situation of physio- 
logical neuronography? 

Electrophysiological studies of the cortico-thalamo-cortical connexions 
are too few to yield any definite conclusions. One gains the impression, 
however, that there are more cortico-thalamic connexions than those 


demonstrated by histology. Also, no definite thalamo-cortical projection 


plan has yet been worked out. The finding that some projection areas 


send fibres to association nuciei (striate cortex to pulvinar) and some asso- 
clation areas to relay nuclei (occipito-temporal region to lateral geniculate) 
tends to make the cortical division of association and projection areas even 
less certain. 

[In general, electrophysiology defines a smaller region for the monkey's 
association cortex, but with more cortico-cortical and cortico-thalamic 
connexions than that obtained from histology. As a result, the association 
areas can hardly be distinguished from other cortical sectors. This discre- 
pancy may be explained by the fact that electrophysiology probably is 
over-sensitive and histology not sensitive enough for studying cerebral 
structures. Whether it is justified to supplement these two sets of data 
with each other depends on more detailed experimental work with both 
techniques. 

BEHAVIOURAL STUDIES 

The term, behavioural study, is used here to denote the investigation 
of the neural correlates of behaviour. Various methods have been used 
in this field, but investigations of the association cortex of the monkey are 
practically all based on the ablation technique. After an animal’s per- 
fermance has been observed and measured under controlled conditions. 
some cortical tissue is removed by surgery. Following recovery from opera- 


tion performance is measured again and compared with that obtained 
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under normal conditions. Functional localization is inferred from 
behavioural deficits resulting from specific cortical lesions. 

In order to relate behavioural changes to cortical ablations, it is neces- 
sary to specify exactly the extent of the lesion. This can only be accom- 
plished by making a histological examination of the brain and reconstruct- 
ing the lesion on the basis of such data. It is also of considerable value to 
report the resulting secondary degeneration in the thalamus, as such daia 
can be used to analyse thalamo-cortical units and perhaps define the func- 
tional areas of the cortex more accurately than the surface markings or 
cytoarchitectonics. In view of the dificulties encountered in describing 
anatomical fields and in determining extent of pathological tissue, not 
much reliance can be placed on the gross examination of the brain either 
at the time of surgery or at necropsy. 

Those studies that merely report the extent of the lesion by gross 
examination of the brain can provide only the general location but not 
the definite extent or the specific nature of the cortical damage. Such 
studies are not adequate for functional localization, and should not be 
directly compared with those which include histological data. In con- 
sideration of the importance of accurate delimitation of lesions, the results 
of behavioural studies will be summarized separately, according to 
whether or not the authors have supplied histological data in describing 
the cortical damage. In the following summaries, if it is not stated other- 
wise, the studies are understood to contain anatomical data. 

There are certain difficulties in the use of the ablation method that 
impose limitations on the interpretation of the experimental results. 
First of all, if removal of a certain cortical area does not lead to a 
behavioural deficit it cannot be stated that this area does not participate 
in the integration of that behaviour in normal animals. Secondly, if 
removal of a certain cortical area is followed by a deficit, this does not 
necessarily mean that it is the only part of the cortex responsible for the 
behaviour. It should be also emphasized that when a cortical lesion is 
related to a behaviour symptom, it does not specify the neural mechanism 
underlying the deficit. Even though the amount and location of tissue 
destroyed has been specified, there is still the possibility that pathological 
disturbances may occur as a consequence of abnormal functioning of 
partially damaged cortical cells. Finally, the interpretation of 
behavioural symptoms following a certain cortical ablation is a task 
requiring a more thorough analysis of the tests used than that provided by 
present behavioural researches. 


In order to simplify the presentation of the behavioural data relating 
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to cortical lesions, a brief description of the formal tests that have been 
used will be given here. 

The delayed reaction: The animal is permitted to see food being placed 
under one of two identical containers, and after an interval of “delay” 
he is allowed to make a choice. Another procedure is the use of some 
stimulus that signals the location of the container covering the food, 
instead of the animal actually seeing the food being placed under a 
container. Delayed alteration may be also considered as a form of delayed 
reaction problem. The food is put alternatively under the right or left 
container, so if the animal has found food under the right container, on 
the next trial it will be found under the left one. 

Discrimination problems: The test consists of two objects placed within 
reach of the animal, one of which covers a piece of food. The subject 
is allowed to make a choice. The pair of objects may differ in colour, 
pattern, brightness, etc. (visual discrimination); or they may be similar 
in appearance, but associated with different sounds (auditory discrimina- 
tion); or they may be hidden from view, but can be felt by the monkey’s 
hand and distinguished on the basis of their roughness, temperature, 
weight, etc. (somesthetic discrimination). 

Conditional reaction: The animal is trained to respond to one of two 
stimuli, depending on some third stimulus. This can be illustrated as 
follows: If a red and blue square are presented on a black stimulus tray, 


the food will be found under the red square. If the same red and blue 


squares are presented on a white stimulus tray, the food will be found 


under the blue square. 

Matching and oddity problems: The animal is required to choose the 
one stimulus-object which is either similar to one of a pair, or different 
from two other objects. 

Manipulation problems: The latch box consists of a wooden box with 
various catches and levers. The animal is required to manipulate the 
catches so as to open the box and obtain a piece of food which is inside. 
In the multiple stick and platform problem the animal must use one or 
more sticks in a sequential order from different platforms to obtain a 
piec > of food. 

Other simple tests include visual pursuit. acuity, depth perception, 
extent of visual field, recognition of familiar objects, differentiation of 
food from inedible objects, auditory startle and localization, changes in 
dietary habits, level of activity, aggressiveness and tameness, personality, 
and so on. 

Since in most of the studies only a few subjects were used, the results 


obtained from different species of monkeys (rhesus, mangabey, spider 
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monkey, and baboon) are grouped together in this summary. All the 


cortical ablations, unless otherwise specified, are bilateral. 


Frontal Areas 

Extensive ablation.—Stanley and Jaynes (1949) proposed a theory of 
frontal lobe functions and reviewed the experimental literature from their 
theoretical viewpoint up to 1948. The present survey will attempt a more 
complete coverage and will include the recent literature. 

(a) Delayed reaction: The experimental procedures developed by 
Franz and Kalischer were adapted by Jacobsen (1931, 1936) to study the 
functions of the association cortex of primates. Although both Jacobsen 
and subsequent investigators have reported a number of diverse and 
sometimes contradictory behavioural changes following lesions of the 
frontal association areas, the greatest emphasis has been placed on the 
impairment of the ability to respond correctly on the delayed reaction 
problem. Normal monkeys have been reported to attain delays in this tes: 
ranging from 5 sec. to 180 sec., but animals with frontal lesions almost 
consistently fail to achieve 5 sec. delays. A summary of the experimental 
data of the performance levels on the delayed response after frontal 
extirpation is presented in Table [V. All tests were made with an opaque 
screen interposed between the monkey and the stimulus objects during the 
delay interval. 

TaBLe 1V 


Maximum interval of delay reported by various investigators following bilateral 
extensive removal of the frontal association areas. Visual delayed reaction, 


With Anatomic Data 
Time since 
Subject Max. deiay operation Investigator 
rhesus 0 sec. 15 days Wade (1952) 
Pribram, Mishkin, Rosvold, 
baboons + 2 months Kaplan (1952) 


Without Anatomic Data 
Time since 

Subject Max. deiay operation Investigator 
rhesus 0 s 9 months Jacobsen (1936) 
mangabey 0 
baboon . ” Ty ” 
rhesus - not reported Jacobsen, Nissen (1937) 
mangabeys _ 5 months Finan (1939) 
mangabey - 15 days 


It can be seen from Table IV that monkeys with extensive bilateral 


removal of the latera! surface of the frontal association areas lose the 


ability to perform on the delayed response test. One exception is Jacobsen’s 
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baboon that achieved a 5 sec. delay, but it did not have as extensive a 
removal of frontal tissue as the other animals. The delayed response can 
be successfully performed when some modifications are made in either the 
method of testing or in the physiological state of the animal. Table V 
gives a summary of the maximum delays obtainable when such changes 
are introduced. In this table some of the subtotal lesion and lobotomy 
materials are also included. 


TaBLeE V 

Maximum interval of delay reported by various investigators following bilateral 

lesions of the 

were introduced in the visual delayed reaction problem 
With Anatomic Data 

Time 

Vax. delay »peration 

5 sec. 2 years Blum, Chow, Blum 


frontal association areas when modifications of the test procedures 


since 
Subject Investigator 
(1951) 


2 rhesus 


baboons 


(lobotomy) . ” 2-5 


rhesus 


baboons 


months 
10 weeks 


6 months 


Pribram 
Wade 
Mishkin, 


Rosvold, Pribram 


(1950) 
(1947) 


(1953) 


) 
? 
| 


| 
baboon 

(ventromedial) 

Data 


With ub Anatom 


Time since 
Subject 
mangabey 15 sec. 


2 
2 


Vax. delay operation 
7 days (1942) 

a i ws 46 
rhe sus 10 9 4 


30 not reported Spaet 


Malmo (1942) 


months - 
ind Harlow (1943) 
10 


baboon 30) 


rhesus | 3 years Campbell and Harlow (1945) 


In Table V, the 2 monkeys of Blum, Chow, and Blum that achieved 5 
sec. delays and the 2 monkeys of Campbell and Harlow that made 20 sec. 
delays were tested two years and three years respec tively following opera- 
tion. This could mean that some recovery of function can take place if 
the post-operative interval is long enough. This table also shows the 
improved performance of the delayed reaction as a result of various 
changes in test conditions and physiological state. These changes are as 
follows: (a) rewarding the correct response in the pre-delay exposure 
interval (Finan, 1942): (b) reducing external stimulation (Malmo, 1942): 
(c) matching from sample technique (Spaet and Harlow, 1943): (d) increas- 
ing the time between trials (Spaet and Harlow, 1943): (e) administration 
of sedatives and stimulants (Wade, 1947; Pribram, 1950: Blum, Chow and 


Blum, 1951; Mishkin, Rosvold and Pribram, 1953); and (f) use of insulin, 
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reduction of environmental temperature, fasting (Pribram, 1950). It should 
be noted that Pribram’s 2 baboons had limited bilateral frontal lobo- 
tomies, and that some of the animals in the study of Mishkin, Rosvold 
and Pribram had ventromedial lesions. 

The results of Wade: Pribram; Mishkin, Rosvold and Pribram: and 
Blum, Chow and Blum are not in agreement. The first two studies reported 
an improvement of frontal monkey’s performance on delayed reaction 
following drug administration. The authors of the third study reported 
this beneficial effect of drugs on only 3 out of 6 monkeys, whereas the last 
three investigators, on none of their + monkeys. There is no adequate 
explanation for this difference at the present time. 

In an early study, Jacobsen (1931) reported on one frontal lobectomized 
monkey and included anatomic verification of the lesion. Post-operatively 
this animal failed on the problem boxes and pattern discriminations. The 
author expressed doubt whether there was a specific loss of habits, or 
whether the impairment was due to the general deterioration of the animal. 

The following summary of other test results is based on studies that 
do not present histological verification of the reported total frontal lesions, 
consequently, some reservation should be made in interpreting the data. 

(b) Delayed alternation: Jacobsen and Nissen (1937) found permanent 
loss of this capacity in 2 monkeys. 

(c) Discrimination problems: Jacobsen’s (1936) animals showed no loss 
in retention for a brightness discrimination, but Warden, Barrera, and 
Galt (1942) found that it took their subject twice as many trials to reinstate 
the habit after bilateral lesion as required for original learning. Harlow 
and Dagnon (1943) reported that their frontal animals made more errors 
than normals in learning simple object discrimination problems. 

(d) Conditional reaction: Warden, Barrera, and Galt (1942) found one 
animal unable to re-learn this problem in a thousand trials. 

(e) Habit reversal: Settlage, Zable, and Harlow (1948) found impair- 
ment in 5 monkeys in the ability to reverse their response from the positive 
cue to the negative cue, when the latter was made positive and the former 
negative. In a similar experiment, Harlow and Dagnon (1943) found that 
+ prefrontal animals made more errors than normal animals when a 
discrimination problem was reversed. 

(f) Latch boxes: Jacobsen (1936) found no loss in retention of this 
habit, although he reported that his animals had difficulty in performing 
the correct sequence of acts necessary to open the more complex boxes. 


(g) Multiple stick and platform problem: Warden, Barrera, and Galt 


(1942) reported that their 3 monkeys were unable to solve this problem 


if more than one platform was used. 


BRAIN VOL. LXXVI 
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Subtotal ablation. (a) Delayed response: In the attempt to correlate 


the locus of lesion more definitely with impairment on the delayed 
response, Blum (1952) removed various topologically detined regions of 
the frontal areas in 6 monkeys and found that his animals showed deficit 
when the mid-lateral areas of the frontal association cortex were removed 
bilaterally. Pribram, Mishkin, Rosvold and Kaplan (1952) and Pribram 
and Bagshaw (1953), using the data of strychnine neuronography, divided 
the frontal association cortex into three sections, the core of each being 
a region within which all points are related by reciprocal connexions. 
When symmetrical bilateral lesions were made in the lateral surface of 
the frontal lobe (3 baboons), the capacity to perform the delayed response 
was abolished (see Table IV). Lesions in the ventromedial (3 baboons) 
and the ventrolateral regions (1 baboon and 3 rhesus) were not correlated 
with deficit on the delayed response test. From these studies it seems likely 
that the probable locus of delayed response deficit is the middle part of 
the lateral surface of the frontal lobes (middle part of FD). 

In addition, two studies have been reported with monkeys after damage 
to cortical fibre connexions. Wade's (1952) one macaca with bilateral pre- 
frontal lobotomy was unable to perform on the delayed response, but her 
other monkey could not attain 5 sec. delays even pre-operatively. Pribram 
(1950) performed a “limited bilateral frontal lobotomy ” on 2 baboons 
and found post-operative deficit on the delayed response. Wade carried out 
a circumsection of the prefrontal cortex on 2 additional animals. Neither 
animal showed any deficit on the delayed response. 

Four of Blum’s (1952) animals with lateral frontal lesions showed 
impairment in ability to perform an auditory delayed response problem. 
This result indicates that the loss is not specific to the sense modality in 
which the sensory cues are presented. 

(b) Conditional reaction: Wade (1952) found that all her animals with 
frontal lesions re-acquired this habit after operation with some saving in 
error scores. Chow (1952), with 2 monkeys, and Lashley (1948), with | 
monkey, reported that their animals showed considerable saving in trials 
and errors in re-learning this problem after bilateral removal of the frontal 
evefields. These findings are contrary to those of Warden, Barrera, and 
Galt (1942) who reported that their animal completely failed to re-learn the 
problem after extensive bilateral removal of the frontal areas. Since the 
last report did not include anatomical data, it is not possible to compare 
its results with those studies in which no deficit was found. 

(c) Discrimination problems: The earlier study of Jacobsen (1931) 
showed that partial prefrontal lesions do not affect monkeys’ learned 


pattern discriminations. Similar results were also reported by Lashley 
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(1948) and Chow (1952). They found no loss in their monkeys with frontal 
eyefield lesions on colour, pattern, contour, or brightness discrimination 
problems. Also there was no loss in primary visual capacities, recognition 
of familiar objects, visual pursuit, differentiation of food from inedible 
objects, or startle and auditory localization. In contrast to the lack of effect 
on visual tasks, 5 out of 6 of Blum’s (1952) prefrontal monkeys revealed 
deficit in both post-operative initial learning and retention on an auditory 
discrimination. 

(d) Latch boxes: Both Jacobsen (1931) and Wade (1952) found no loss 
of retention on simple problem boxes by monkeys after prefrontal partial 
extirpation, lobectomy, lobotomy, or circumsection. They also tested their 
animals on combination boxes, but only the former reported impairment 
of post-operative performance by his monkeys. 

(e) Multiple stick and platform problem: Wade (1952) found no loss 
of ability on this problem in any of her monkeys. 

(f) Hyperactivity, forced circling and other physiological changes: All 
authors reported some degree of hyperactivity after extensive bilateral 
removal of the lateral surface of the frontal lobe. This increased activity 
does not appear following ablation of the ventromedial frontal areas. 
frontal eyefields or circumsection of frontal areas. 

Several studies have attempted to localize the critical area responsible 
for hyperactivity, but since they did not report any anatomical details 
and used different designations of cortical areas, the specification of the 
actual area remains in doubt. Richter and Hines (1938) concluded that 
activity in the monkey is controiled through the frontal cortex, particu- 
larly in area 9 of Brodmann. Kennard and Ectors (1938), Kennard, Spencer 
and Fountain (1941) reported that unilateral ablation has only a slight 
affect on activity, but bilateral ablation of area 8 will cause hyperactivity 
temporarily. Mettler (1944) found circling movements after removal of 
the entire frontal association cortex, or simply from bilateral removal of 
Brodmann’s area 9 alone. Ruch and Shenkin (1943) reported hyperactivity 
following bilateral ablation of the posterior orbital gyrus (Walker’s area 
13). This report was confirmed by Livingston and his associates (1948), 
who found that bilateral ablation of area 13 in monkeys was followed by 
activity eight to ten times that of normal animals. Their subjects also 
showed increased temperature of the extremities and augmented reflex 
vasodilation. 

The earlier report of visual disturbances (cortical blindness, deviation 
of eyes, etc.) in monkeys with frontal eyefield extirpations have not been 
confirmed by later studies. The studies of Kennard (1938, 1941) did not 


contain anatomical data, therefore the extent of the lesions in her animals 
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remain in doubt.' Since later studies (Mettler, 1944+, Lashley, 1948: Chow, 
1952a) with histological verification of lesions, contradicted her results, 
and since Lashley (1948) has critically reviewed this subject, it will not be 
dealt with here. 

Unilateral ablation. Reported studies of unilateral lesions of the 
frontal lobes (without anatomical data) give no evidence of impairment 
of performance on any of the tests used, including visual discrimination 
and the delayed response (Jacobsen, 1936; Finan, 1939; Meyer. Harlow and 
Settlage, 1951). 

Ablation of the medial and basal frontal areas. Electrical stimulation 
of this region, plus the temporal pole and anterior insula, causes various 
autonomic and somato-motor changes. The many reports on the fronto- 
temporal region have been reviewed by Kaada (1951), Fulton (1951), 
Denny-Brown (1951), and Kliiver (1952). Recently, this region has been 
called a “ visceral brain” (MacLean, 1949), which is said to control the 
emotionality and personality of the animal. Behavioural studies using the 
ablation technique have, for the most part, appeared only in the form of 
abstracts. Fulton has summarized the work from his laboratory. He 
reported a change of reactivity and affectivity in animals after lesions in 
this region, but no effect on their performance on the delayed reaction 
and discrimination problems. There are three other studies demonstrating 
behavioural changes after extirpation of the cingular gyrus. Glees et al. 
(1950) reported that monkeys with such lesions showed restlessness. hyper- 
activity, tameness, and loss of their fear of man. A similarly increased 


tameness and reduction of aggression was also observed by Smith (1945) 


and by Ward (1948) following lesions of the anterior limbic areas. Neither 


well-controlled behavioural measurements nor histological data are avail- 
able in these reports. 

Both increased tameness and aggressiveness have been observed in 
monkeys after cortical lesions elsewhere (Jacobsen, 1931: Kliiver and 
Bucy, 1938; Harlow and Dagnon, 1943: Lashley, 1948; Blum, 1951; Chow, 
1951). The tameness seems to be a common transitory symptom following 


any cortical surgery. Thus, in spite of recent claims, the cortical centre of 


lIna personal communication to Dr. K. S, Lashley, Dr. M. A. Kennard stated 
that some of her frontal-evefield animals had a previous unilateral occipital lobec- 
tomy. The visual symptoms following the frontal-eyefield lesions appeared to be 
a recurrence of the disturbances caused by the earlier occipital damage. This 
recurrence of visual disabilities following frontal ablations in animals who had prior 
posterior extirpation has been also reported by Chow, Blum and Blum (1951). 
rhe significance of these data with regard to the functions of the frontal-eyefields 
awaits further experimentation. We wish to thank Dr. Lashley and Dr. Kennard for 
their help in clarifying this point. 
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emotionality and personality cannot be unequivocably assigned to the 
fronto-temporal area without further experimental verification. 

Summary.—The most consistent behavioural symptoms following 
frontal lobe ablation in the monkey is the loss of ability to perform the 
delayed reaction. All animals with extensive bilateral ablation of the 
lateral surface showed deficit in this problem (24 animals). The failure 
to perform delayed reaction may be further related to a restricted lesion 
of the middle part of the lateral frontal area (middle FD or 10), but not 
to lesions in the ventromedial and ventrolateral areas. The nature of the 
deficit is not clear, but it is not a permanent loss of the ability to perform 
delayed reaction. The animal may regain the ability to a certain degree 
after a long post-operative period, or by a modified experimental procedure, 
or by a changed physiological state. Pribram (1951) attempted to elucidate 
some of the mechanisms involved, and succeeded in disrupting this func- 
tion temporarily by applying aluminium hydroxide on the frontal lobe. 
His animals showed impairment of performance in visual discrimination 
and delayed response after the occurrence of seizures. Thus it appears that 
an epileptogenic focus is also effective, similar to ablation of the cortex 
in producing the detrimental effect. 

A second consistent finding is the increase of general activity level, 
which is reported by practically all investigators. The attempts to ascribe 
this result to a specific locus in the frontal lobes have not been successful. 
Because of the lack of anatomic data in most of the studies, it is not possible 
to reconcile the conflicting results. The critical region as determined by 
different investigators is Brodmann’s area 8, or 9, or Walker’s area 13, or 
the basal ganglion. 

The demonstration that discrimination learning both visual (3 out of 
10 animals) and auditory (5 out of 6 animals) may be disturbed by frontal 
lesion is at variance with the traditional concept of the association cortex. 
The frontal areas are not usually considered to be involved in sensory 
integration as are the so-called visuo- and audio-psychic areas. These 
sensory deficits, however, are slight and have not occurred invariably to all 
the animals. 

Finally, it is not possible to say definitely what functions are localized 
in the mediobasal frontal areas. There is the suggestion, however, that 
this region together with the anterior temporal and insular cortices may 
be concerned with emotion and personality, as contrasted with the latero- 
dorsal frontal mantle which is supposedly related to learning abilities. 
Parietal Areas 

A number of recent studies have been primarily concerned with the 


posterior association areas of the cerebral cortex. These areas are thought 
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to be important integrating centres for sensory data, and also to serve 
as collecting areas for memory traces. The regions adjacent to the primary 
sensory areas have been assigned the function of transforming elementary 
sensory impulses into organized perception. 

Extensive ablation.—Ruch, Fulton, and German (1938) reported 2 mon- 
keys with unilateral parietal lobectomies that lost a learned roughness 
discrimination after operation, but were able to re-learn it. With bilateral 
lobectomy the animals were severely impaired learning roughness, weight, 
and form discriminations, and failed to re-learn the last problem. The 
authors gave no histological data of the brain lesions. Another study by 
Blum, Chow and Pribram (1950) with anatomical data, reported that a 
monkey with bilateral parietal lobectomy completely failed to re-learn a 
pre-operatively acquired roughness and weight discrimination. This mon- 
key, however, showed post-operative retention of tactual size, temperature, 
visual discrimination, and delayed alternation problems. 

Subtotal ablation.—The earlier studies of Ruch and Fulton (1934, 1936) 
indicated that there is only a slight and transient loss of learned roughness 
and weight discrimination after separate lesions of the posterior parietal 
area (PG or 7) or the post-central gyrus (PC or 3). Jacobsen (1936) reported 
one monkey with parietal lesions and found that although the animal's 
movements were clumsy, there was no impairment on the performance of 
problem boxes, visual discrimination and delayed reaction. In none of 
these studies has the extent of lesion been anatomically verified. 

A recent study by Blum (1951) included 2 monkeys with subtotal 
lesions in the parietal lobe around the marginal gyrus. She found a similar 
slight deficit in original learning of form, roughness, weight, multiple-cued 
discriminations, and delayed alternation problems in one monkey. The 
other monkey showed some retardation in learning the delayed alternation 
and latch box problems. 

Preoccipital ablation —(a) Discrimination problems: Experimental in- 
vestigations of the preoccipital regions were essentially motivated by an 
interest in determining whether these areas serve any integrating function 
for visual sensations. Three reports (Lashley, 1948; Chow, 1951, 1952a) 
with anatomical data found practically no impairment of visual abilities 
in a total of 10 monkeys following prestriate lesions. Although 2 of the 
animals had very extensive removals, including the lateral, medial, and 
ventral surfaces, none had a complete preoccipital ablation. The animals 
were tested pre- and post-operatively on brightness, colour, contour, and 


pattern discriminations. They were also given tests of visual acuity, extent 


of visual field, object recognition, etc. Only | out of 10 animals showed 


retardation in re-learning the discrimination of colours and _ patterns. 





THE “ASSOCIATION CORTEX” OF “MACACA MULATTA” 663 


Chow’s study (1951) was especially designed to determine what role this 


area played in visual integration. His results do not support the hypo- 
thesis of separate centres for receptive and integrative functions. 

There are four other publications on this cortical area that do not report 
any histological data describing the site of the lesion. Two studies 
(Riopelle, Harlow, Settlage, and Ades, 1951; Meyer, Harlow and Ades, 
1951) with 9 animals found a similar lack of effect in post-operative learn- 
ing of dissimilar objects, patterns, and oddity problems. The other two 
studies (Ades, 1946; Ades and Raab, 1949), however, did find some retarda- 
tion in learning colour, shape, and pattern discrimination problems in 5 
monkeys. 

(b) Conditional reaction and delayed response: 2 out of 10 animals 
tested on a visual conditional reaction failed to learn this task (Lashley, 
1948: Chow, 1952a). Another 7 monkeys reported by Evarts (1952) per- 
formed in a normal manner on a complex conditional reaction of an 
audio-visual type. The lesions of Evarts’ monkeys covered most of the 
pre-striate region, but were not complete. 

Only + monkeys (out of 9 tested) have been reported to show a slight 
deficit in learning the delayed response problem (Lashley, 1948: Chow. 
1951). 

Summary.—Relatively few studies have been made on the parietal lobe, 
and practically all of them are concerned with either visual or somesthetic 
discriminations. The results are not conclusive enough to permit a 
definite functional localization of the abilities to perform on different tests. 
The weight of evidence (19 against 5 animals) indicates that extensive 
pre-striate lesions probably do not affect the animal’s visual abilities. For 
someesthesis, it seems that separate lesions within this area are followed 
by only slight deficit. whereas more extensive ablations cause more severe 
loss in some somesthetic discrimination problems. The tests most 
frequently affected are discriminations of roughness, weight, and form. 
Temporal Areas 

Extensive ablation.—One of the most dramatic studies of behaviour 
changes in the field of brain research is Kliiver and Bucy’s (1938, 1939) 
report of a group of symptoms following bilateral temporal lobectomy, 
which were very similar to those previously described by Brown and 
Schaefer in 1888. Kliiver and Bucy observed psychic blindness, oral ten- 
dencies, hypermetamorphosis, emotional changes, increased sexual 
behaviour, and an appetite for meat which does not occur in normal 
monkeys. Recent studies by Chow (1951, 1952a, 19526) and by Pribram 
and Bagshaw (1953) have attempted to analyse this syndrome and to deter- 


mine its relation to more limited areas. The behavioural effects as deter- 
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mined by formal testing procedures will be described under the following 
headings. 

(a) Delayed response: Blum, Chow and Pribram (1950) reported failure 
of one monkey at 5 sec. delay after temporal lobectomy. Jacobsen and 
Elder (1936) on the other hand had found no loss or impairment on this 
test following bilateral removal of the temporal lobes in one baboon. Since 
they did not include anatomical data in their report, the discrepancy 
between their results and those of Blum, Chow and Pribram cannot be 
evaluated. 

(6) Discrimination problems: 7 monkeys from three different studies 
(Blum, Chow and Pribram, 1950; Chow, 1952a, 1952b) with temporal neo- 
cortical ablations (one with lobectomy) were found to have the following 
behavioural changes: temporary loss of object recognition, and deficit in 
re-learning colour and pattern discriminations. 

Chow (19525) attempted to elucidate the nature of the deficit in visual 
discrimination following temporal lobe lesions. Five monkeys that had 
shown a loss of pre-operativ ely learned habits were subjected to different 
post-operative visual experiences. It was found that 2 animals that had 
post-operative training on new discrimination problems showed almost 
complete spontaneous recovery of the pre-operatively learned habits. One 
animal, kept in its living quarters without additional training, showed 
recovery of one out of three habits. Of 2 subjects kept in complete dark- 
ness, one did no better than chance on the original three problems, while 
the other one showed recovery of only the colour discrimination. Chow 
concluded that the degree of post-operative recovery may be related to the 
specific post-operative experience, which would mean that the deficit is 
not a simple loss of specific memory traces, but rather the result of a 
temporary suppression of the learned visual habit. 

The following two reports have not presented histological data. One 
of them partially confirms previous studies. Riopelle and Ades (1951), in 
an abstract, reported that extirpation of the temporal neo- and allocortex 
in 3 monkeys causes “relatively little retardation in learning” for 
dissimilar stimulus objects, but marked retardation in learning a pattern 
discrimination. Ades and Raab (1949), on the other hand, found no 
deficit on a pattern problem in their 2 monkeys with temporal lesions. 

(c) Somesthetic, taste discrimination, and conditional reaction: The 


one monkey with temporal lobectomy reported by Blum, Chow and 


Pribram (1950) showed slight deficit in a roughness discrimination, and 


a change in taste preference. It failed to re-learn the conditional reaction. 
This last result was not confirmed in another animal with neocortical 


lesion only (Chow, 1952a). 





THE “ASSOCIATION CORTEX” OF “MACACA MULATTA”’ 665 


Subtotal ablation. Kliiver and Bucy (1939) also reported control studies 
with subtotal lesions: bilateral first temporal convolution, bilateral second 
and third temporal convolutions, cutting the fronto-temporal connexions, 
cutting the temporo-occipital connexions, and unilateral lesion. None of 
these animals showed any behavioural abnormalities. They concluded 
that the temporal syndrome (psychic blindness, oral tendencies and so on) 
follows only bilateral temporal lobectomy. Since they reported the ana- 
tomical data on only one lobectomy material (1940), it is difficult to 
compare their results with those studies summarized below which include 
histology. 

(a) Visual discrimination, delayed and conditional reaction: Chow 
(1951) removed parts of the temporal cortex in an attempt to determine 
whether there exist specific Joci that might be responsible for the deficits 
that were found to occur after extensive destruction of the temporal lobes. 
He found no apparent deficit in one animal with a small bilateral seriatim 
removal of the temporo-occipital gyrus and_ ventrolateral preoccipital 
region. A second animal with bilateral removal of the middle temporal 
gyrus and the lateral preoccipital region showed a marked deficit in re- 
learning pattern, colour, and brightness discrimination problems. There 
was also a slight deficit in performance of the delayed response test at 10 
sec. and 15 sec. delay with screen. No impairment on a conditional reaction 
following temporal lobe lesions was found in these 2 animals. 

Pribram and Bagshaw (1953), guided by strychnine neuronography, 
carried out bilateral subtotal removals of the “ fronto-temporal”’ areas. 
Their animals showed the following symptoms: approach to other 
organisms: non-avoidance of noxious stimuli; failure to differentiate food 
and inedible objects. None of the animals showed any deficit in primary 
visual abilities, or loss of retention in a visual discrimination or delayed 
reaction. 

(b) Auditory problems: Evarts (1952a) made bilateral lesions of the 


auditory cortex, including the superior temporal gyrus and insula, in 3 


monkeys and found impairment in a complex audio-visual conditional 


reaction. With continued post-operative training, all subjects performed 
significantly above chance. In a second study (1952b), he reported that 
the removal of similar areas in 4 other monkeys had no effect upon either 
initial learning or retention of an auditory discrimination. It should be 
noted that Evarts’ negative findings are based on simple frequency dif- 
ferences, and may not be applicable to more complex auditory patterns. 

Stewart and Ades (1951) trained monkeys on a shuttle-box problem 
to avoid shock by crossing from one side to the other at the sound of a 
buzzer. Bilateral extirpation of the superior temporal gyri caused a loss 
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of the auditory conditioned response, but the habit was regained by 
additional training. In some monkeys with two-stage sertatim ablations, 
if the interoperative interval was seven days or more there was no loss of 
the conditioned response. Since this study did not provide histological 
data, no interpretation of its contradictory results with those reported by 
Evarts is available. 

(c) Somesthetic problems: Blum (1951) reported one animal with 
lesions in the posterior part'of the temporal lobe and found no impairment 
of its ability to perform various somesthetic discriminations, delayed 
alternation, and latch-box problems. 

Two other recent studies reported some behavioural effects following 
subtotal ablations of the temporo-preoccipital region. Since the tests used 
were not systematically reported nor the lesions anatomically verified, any 
conclusions drawn from these studies are dubious. Lemmen (1951) reported 
on 2 monkeys, and Poirier (1952) on 5 monkeys. Neither author observed 
any effect of the lesions on auditory and visual disc riminations. Poirier 
stated, however, that there may be some deficit on a weight discrimination, 
and some loss on a visual discrimination problem. 

(d) Taste discrimination: Bagshaw and Pribram (1953), using 6 mon- 
keys, with a preference method and anatomical control, localized the 
primary centre for gustatory “acuity ” at the anterior Sylvian (opercular, 
insular, and anterior superior temporal) cortex, and for gustatory dis- 
crimination at the anteromedial temporal cortex. 

Summary.—The most consistent result following temporal neocortical 
extirpation is the loss of learned visual habits and the transitory failure 
to recognize objects. On the basis of the anatomical data of 9 monkeys, 
the responsible /ocus for these symptoms may be further restricted to the 
anterior part of the middle temporal gyrus (anterior TE or 21). 

The temporal region may be concerned with normal performance of 
the delayed response (2 out of 8 animals), and conditional reaction (4+ out 
of 7 animals). Since only a few monkeys were tested on these two problems, 
the results should not be generalized. 

The weight of evidence seems to indicate that the superior temporal 
gyrus and insula are not essential for auditory frequency discriminations 
(5 monkeys with anatomic data as against 5 monkeys without anatomic 
data). Studies on the functional localization of taste discrimination indi- 
cates the importance of the anterior Sylvian region, including the insula 


and operculum. 
Parieto-tem poro-preocctpital Areas 


Two studies reported behavioural effects after ablations of combined 
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parietal and temporal regions. The first study investigated the effects of 
cortical removal in the parieto-temporo-preoccipital region on someesthetic 
abilities. Blum (1951) found that if the lesion extends from the parietal 
lobe to the posterior temporal area, the resulting disturbances in the 
animal’s somesthetic abilities are more severe than when the lesion is 
restricted to the parietal or temporal lobe alone (see preceding sections). 
One of her monkeys that had a small removal of tissue involving the 
temporo-preoccipital areas showed retardation in initial learning of dif- 
ferences in roughness and hardness, and in a delayed alternation problem. 
The lesions in the other 2 monkeys included the posterior parietal and 
temporal cortices. They showed marked difficulty and even failure to 
re-learn the following problems: form; weight; roughness and hardness 
discriminations; a multiple-cued problem, delayed alternation, and a con- 
ditional reaction. 


The second study (Blum, Chow and Pribram, 1950) reported the results 


of + monkeys with lesions of the entire lateral surface of the parieto- 


temporo-preoccipital region. These animals were tested pre- and _post- 
operatively in 21 different experimental conditions (10 visual problems, 
+ somesthetic problems, 3 auditory tests, 2 gustatory tests, a conditional 
reaction and a delayed response problem). These problems were used to 
determine whether different /oci in this sector are responsible for the 
integration of sensory elements and the functioning of complex capacities. 
The results may be summarized briefly as follows: All animals were 
retarded in the re-learning of visual discriminations, patterned string 
problems, and a conditional reaction. Some of the animals showed addi- 
tional disturbances of visual acuity, extent of visual field, object recogni- 
tion, auditory localization, delayed reaction, and in some tacto-kinzsthetic 
abilities. No change was found in any animal in an auditory association 
problem, food preference, and level of general activity. The authors 
concluded that the observed deficits could not be ascribed to a disruption 


of either primary sensory or integrative capacities. 


Frontal and Posterior Areas 

There is only one study with monkeys that reported the behavioural 
effects following extensive bilateral removal of both the prefrontal and 
posterior association areas. Chow, Blum and Blum (1951) attempted to 
determine whether such combined destruction would have a more 
pronounced effect on behaviour than a mere summation of the loss of the 
component areas, or whether a correlation exists between severity of defect 
and the extent of lesion. These investigators made additional prefrontal 


extirpations on 4 monkeys that had extensive parieto-temporo-preoccipital 
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lesions previously. The behavioural effects of these latter lesions have 
been summarized in the preceding section. They included the loss of and 
retardation in re-learning the habits of visual and somesthetic discrimi- 
nation, conditional reaction, and in some cases, delayed reaction. The 
additional prefrontal removals affected selectively the performance on 
the different tests. In vision, there was no effect on discrimination habits, 
but a further reduction in acuity was observed in one animal and scotomata 
in another. In somesthetis, it was found that prefrontal removal increased 
the behavioural deficit in those animals that had been less affected by 
posterior lesions. Also, the tests showing maximal deficit following pre- 
frontal lesions (roughness and temperature) are different from those 
following posterior lesions. In the conditional reaction, increased impair- 
ment was observed. All! of the animals failed completely on the delayed 
response and delayed alternation problems. They also showed a marked 
increase in activity. Thus, the combined destruction of association areas 
produces effects that are neither a summation of discrete symptoms, nor 
depend solely on the mass of tissue removed. The occurrence of visual 
and tacto-kinesthetic disturbances following destruction of the prefrontal 
lobes, a region not generally considered as a sensory integration centre, 
suggests again that these two functions are primarily concentrated in the 
posterior association area (vision in the temporal lobe, somesthesis in the 
parieto-temporal area), but that their fringe zones might extend to the 
frontal lobe. 

In a series of six publications, Harlow and his associates (Harlow, Meyer 
and Settlage, 1951; Meyer, Harlow and Settlage, 1951: Riopelle, Harlow, 
Settlage and Ades, 1951; Harlow, Davis, Settlage and Meyer, 1952; Leary, 
Harlow, Settlage and Greenwood, 1952; Warren and Harlow, 1952) 
reported the behavioural effects on a number of tests following extensive 
ablation of the association areas. They used the same groups of monkeys 
in all six studies: 4+ normals: + animals with unilateral decortication 
sparing the motor areas plus contralateral prefrontal extirpation (frontal 
group): + other animals with unilateral decortication — sparing 
the motor. areas plus contralateral extirpation of the posterior 
association area (posterior group). The extent and location of these lesions 


are such that they cannot easily be subsumed under the preceding head- 


ings. Since the authors did not report any histological data their results 


will be summarized only briefly here. They tested the animals on a 
delayed reaction and an oddity problem following unilateral decortication 
(sparing motor areas) and prior to the contralateral operation. These 
animals showed normal performance on the former, but were markedly 
retarded on the latter problems. The animals in both frontal and posterior 
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groups learned dissimilar object discrimination with a slightly slower rate 
than the normal group. The frontal group was found to be inferior to 
the normal group in learning a double alternation problem, an oddity 
problem, and the delayed response. The posterior group was found to 
be superior to the frontal group but poorer than the normals in learning 
double alternation problems. They were also poorer than both frontals 
and normals in learning pattern discriminations, serial discriminations, 
and mirror-image discriminations. Thus, the results of these studies, al- 
though based on different types of cortical ablations and more thoroughly 
administrated tests, indicate again the importance of the posterior areas 
for visual discriminations and the prefrontal areas for delayed reaction 
problems. 

Concluding remarks.— Behavioural studies of the association cortex 
of the monkey are relatively few as compared with the publications of 
histological and electrophysiological work. Only recently have investiga- 
tors begun to systematically explore the behavioural correlates of this 
region. The number of adequately studied animals is surprisingly low. 
Some of the results point to significant trends, but most of them serve 
only to indicate areas of further research. 

The methodological difficulties that are inherent in the ablation tech- 
nique have been pointed out previously. Results of such studies do not 
necessarily reveal the function of the ablated area under normal condi- 
tions; they only allow observations on the alterations of the remaining 
nervous system in the absence of the part removed. A more direct approach 
is to extirpate every other part except the one cortical area which is under 
investigation. Such procedure has practical difficulties, but with improved 
surgical technique and post-operative care it may prove to be feasible. 
The importance of histological control of the lesion and of more sensitive 
tests of assessing behavioural effects have been emphasized. The problems 
of analysing the meaning of the test, and the criteria of deficit used, are 
practically untouched. Finally, there is the constant difficulty of evaluat- 
ing test scores against a background of individual variability among the 
test animals. Thus, the use of a larger number of animals and statistical 
methods are the aims toward which investigators must strive. 


The following significant trends, however, may be deduced from the 


present review. One is the demonstration of tests that will differentiate 


between lesions on the basis of a presence or absence of behavioural deficit 
as shown by test performance, following cortical ablation. These tests, 
although diagnostic of the site of brain damage, do not further our under- 


standing of the neural mechanisms involved. It will be further necessary 
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to analyse the nature of the behavioural deficit, and to determine the 
specific psychological functions defined by the various tests. 

Another trend is the failure to demonstrate a dichotomy of integrative 
and receptive functions separating the association area and adjacent pro- 
jection centres. The concept of an “ association cortex,” which is based 
probably more on psychological systems than neurological data, may thus 
require some revision. 

The evidence seems to indicate that there are certain critical foci, the 
removal of which leads to deficit on certain behavioural tests. Although 
the occurrence of the disturbance on any test is dependent on removal 
of a particular area, lesions in other regions may also reveal a slight 
impairment on these tests in some individuals. Further, combined 
destruction of the critical plus other areas may enhance the detrimental 


effect. Fig. 5 shows cortical areas, the removal of which is followed by a 


Fic. 5.—Schematic drawing to show the lateral view of the monkey’s brain. 


The letters depict cortical regions, the ablation of which is followed by various 


behavioural deficits. The capital letters indicate a severe loss, and the small letters, 
a slight and not universal] disturbance of functions tested. The medium-sized letters 
denote functions distributed evenly to the entire area, A, auditory discrimination; 
C, conditional reaction; D, delayed reaction and delayed alternation; H, hyper- 
activitv: S somzesthetic tests; T, taste discrimination; V, visual discrimination. 


loss of ability to perform some of the tests: A auditory discrimination; 
c conditional reaction: D delayed reaction and delayed alternation; 
H hyperactivity: S someesthetic tests: T taste discrimination; 
V = visual discrimination. The capital letters indicate a severe disturbance, 
the small letters, a slight loss of function. The medium-sized letters denote 
a more evenly distributed loss of function. The ability to perform delayed 
reaction problems seems to be dependent upon the frontal lobe, although 
the pre-striate and temporal regions may also be involved. Hyperactivity 


is invariably caused by prefrontal lesion alone. The temporal lobe con- 
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tains a centre concerned in visual capacities and visual discrimination 
learning, although these functions may also be disturbed slightly by frontal 
damage. The animal's ability to perform the conditional reaction prob- 
lem and someesthetic tasks seems to distribute to the entire cortical sector, 
and the latter may depend more on the parieto-temporal than the pre- 
frontal areas. A centre for taste discrimination is discovered around the 
anterior Sylvian region. For auditory capacities, no definite statement can 
be made, although the present data suggest the importance of the pre- 
frontal lobe rather than the temporal areas. From these results, investi- 
gators have suggested (Chow, Blum and Blum, 1951; Harlow, 1952) that 
within the monkey’s association cortex there are separate foci subserving 
individual functions. Each of the foci has a peripheral field which may 


overlap and form a common neuronal pool for serving several functions. 
DiscuSSION AND SUMMARY 


An enormous amount of work devoted to various aspects of the mon- 
key’s association cortex has appeared in the last decade or so. Progress 
in the various disciplines is not equal; some fields have accumulated more 
complete data while others have provided only preliminary information. 
The following generalizations inevitably reflect the reviewers’ personal 
bias and are put forward tentatively for further consideration. 

The foremost problem at present is a methodological one. Investigators 
who open up a new field with a new technique tend to gather data to such 
an extent that they soon reach a point of diminishing returns unless the 
technique itself is critically evaluated. In all three fields, such a need for 
basic research seems to be indicated. In histology, workers in cytoarchi- 
tectonics first realized the limitations of their tool and made a fresh attack 
on the entire subject.’ The attempt to clarify the difficulties inherent in 
the retrograde degeneration method and the Marchi method for deter- 
mining thalamo-cortical, cortico-cortical, and corticofugal connexions has 
yet to be realized. In electrophysiology, because of its versatility and con- 
venience, researchers are prone to data-collecting without pause to consider 
its basic significance. Recently, there has been a gradual recognition of 
the need to find a meaningful interpretation of the results provided by 
physiological neuronography. The evoked potential technique has un- 
covered many new facts which may alter the entire concept of cerebral 


functional localization. Yet such a possibility cannot be achieved by 


merely adding more and more sensory and motor projection areas to the 


cortex. 
The study of the neural correlates of behaviour is a relatively neglected 


field. A few workers have made a preliminary effort to relate various 
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aspects of behaviour to various regions of the monkey’s association cortex. 
They have only started on the initial problem of devising tests that will 
differentiate lesions located in different cortical areas. The limitations 
of the ablation method are well known, but there is still the tendency 
to neglect the basic requirements for using this technique. It cannot be 
too strongly emphasized that both rigid anatomical control of cortical 
extirpation and statistical control of measurable behavioural results are 
essential here. The next major effort should be the development of more 
sensitive, quantitative behavioural tests, and new techniques to reveal the 
mechanisms underiying the functions studied. 

The separation of projective and associative centres, as Flechsig pro- 
posed for man half a century ago, appears to have less justification than 
formerly believed. The only basis for such a distinction probably is that 
of cortical types. The association area is the eulaminate neocortex and 
its limitrophic zones as contrasted with other types of cortex. The 
numerous cortico-cortical and corticofugal connexions demonstrated by 
both electrophysiology and histology render this cortical sector hardly 
distinguishable from other areas. Any criterion of an association cortex 
based on thalamo-cortical projections is obscured by the discovery of 
second and third sensory and motor areas. The possibility of defining the 
association cortex as the projection area of the intrinsic thalamic nuclei 
is also questionable. Studies designed to test the separate receptive and 
integrative functions within the cerebral cortex yield only negative results; 
no behavioural symptoms revealed by ablation studies can yet be con- 
sidered as pure cases of disturbances of the integration of sensory impulses. 
The results of behavioural studies may be too meagre and may have 
tapped too few aspects of behaviour to warrant making any definite con- 
clusions. 

The question whether the term “association cortex” is both  struc- 
turally and functionally a meaningful entity awaits further clarification. 


In the monkey, the /ocus and extent of this cortical sector may vary 


considerably according to the criteria that are used to define it. In general, 


the monkey’s association cortex is a more or less structurally homogeneous 
mass with many intrinsic and extrinsic fibre connexions. It may be only 
a link in the entire neural network and should not be separated from its 
neighbouring projection centres. Behavioural studies indicate that, on 
the one hand, no unique integrative function can be assigned to the asso- 
ciation area. On the other hand, there are separate foci within this area 
that are maximally concerned with a specific function tested, and each 
focus has a wide peripheral zone which may invade and overlap other 


areas. 
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Norices oF RECENT PUBLICATIONS 


Physiological Foundations of Neurology and Psychiatry. By Ernst 
GELLHORN. 1953. Minnesota University Press (London: Geoffrey 
Cumberlege). Pp. 556, Price 68s. 


Chis is, of course, by no means the first work the avowed purpose of which has 
been to provide the physiological foundations of their subjects to clinicians, but it is 
perhaps the first in which some attempt has been made to embody in the account 


what clinical neurology has itself contributed to these foundations. 


~ 
1 


If not the only recent indication that at long last opinion is turning in favour 


of an informed appreciation of the clinical contribution to physiology, it is certainly 
the most explicit and the clinician can do no less than salute its author for the 
novelty of his approach 

In short, this book is not the customary uncritical précis of the experimental] 


neurophysiology of the past thirty vears endlessly reiterating the dubious details 


g | g 
of the various schemes of cortical cytoarchitectonics, and the results of cortical 
stimulations and excisions if these were statements of function and not merely the 
raw material of logical views of function 

Che author has sought to think physiologically, that is, in terms of process, and 
not merely in terms of anatomy or, even more superficially, in terms of two 
dimensional diagrams of experimental results. He has paid the nervous system 
the compliment of discussing it as a natural phenomenon instead of turning t 
those more popular mathematical and mechanical constructs now so often offered 
as a substitute 

In fact, Dr, Gellhorn is unashamedly a biologist, not even trying to wear the 
guise of a mathematical physic ist, nor to climb on to the “communication engineer- 
ing” bandwagon, now so crowded by _ neurophysiological refugees from the 


bewildering complexities of mind, life and _ brain. 


The plan of the book follows a logical sequence, is in six parts, and deals with 


intrinsic and extrinsic factors regulating neuronal activity, the physiology and 
pathology of movements, the physical basis of consciousness, autonomic system 
physiology, integration, and applications 

There are admirable chapters on the physiology of the motor cortex, the 
pharmacology of the nervous system, homeostasis and, in psychiatry, a discussion 
of schizophrenia, of shock therapy and of carbon dioxide therapy. 

Yet there are aspects of the subject that the clinical neurologist will note with 
regret as not finding mention, for example all the clinical work on the role of the 
peripheral and central nervous system’ in sensation. It is not possible to discuss 
the pathology of movements adequately without some reference to the work of 
Head and of Holmes upon the role of the sensory cortex, and to clinical findings 
on the disorders of movement ensuring upon lesions of this cortex. 


Yet so deep and wide has been the cleavage between the thought of the 


laboratory sen the clinical neurologist over the past eighty years, that it would not 
be fair to expect Dr. Gellhorn to bridge the gap all at once, or to appreciate fully 
the differences between the springers on the two sides of it. Yet he has made a 
courageous beginning, and both clinician and experimentalist will have something 


to learn from him 


F.M.R. W. 
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The Parietal Lobes. By Macponatp Critcuiey. 1953. London: Arnold. 


+80 pages. Price 70s. 


It needs only a modest acquaintance with the subject of this monograph, and 
with the vast literature that has grown up round it, to be able to admire the courage 
and the immense industry of the author. It carries a bibliography of over 1,000 
papers, and the reader is left in no doubt that the author is familiar with them. 


The book has three main parts devoted in sequence to the anatomy, the animal 
physiology and the symptomatology of the parietal lobes, and one is struck by the 
remoteness and exiguity of the experimental harvest when compared with the 
protean and complex character of parietal symptomatology, as it has been so 


ingeniously unravelled 


The author provides an exhaustive account and critique of the literature; a 
literature which reveals at once the strength and the weakness of the clinical method 


— : ; 
as 1t Nas DeCcCOMeE In OUr tim 


On the one hand we see the great skill involved in the many tests devised to 
bring to light the complex disorders characteristic of lesions of the parietal lobes, 
and the careful descriptions of these disorders. On the other hand, and in painful 
contrast, we see the dense and almost impenetrable jungle of neologisms and 
equivocal terms that surrounds the subject and makes it so exasperating and 


frustrating to the orderly-minded reader. 


It would almost seem as though every writer on this subject, and there are 
now very many, who finds a sign or a symptom new to him cannot resist the 
temptation to christen his offspring by some polysyllabic neologism of classic 
derivation, regardless of the fact that some dozen other writers have also noted 


the same sign and been similarly moved to name it to their fancies, 

With no apparent sense of the chaos he is creating, author after author proudly 
lists the numerous names for a single phenomenon that he has unearthed from the 
literature by a sort of literary truffle digging, and then proceeds to use them in his 
own exposition with an impartiality that does credit to his heart but not to his 
head. 

Again. many terms have no defined or generally agreed meaning. Even so 
important a term as “body image” has not the same reference for all those who 
use it. 


Io the heirs of the clinical neurologists of the late nineteenth century, who 


could write clearly and in simple language, all this should be a reproach. No 


useful generalizations can come easily of such confusion, and no true differentiations 
of symptoms from functions 


In these difficult circumstances, Dr. Critchley has acquitted himself nobly. He 
writes clearly and makes such generalizations as his material allows, and his own 
contributions to the subject are not inconsiderable. He is well aware of the 
unsatisfactory state of his subject, and discusses this in his final chapter with a 
largeness of understanding that will console the faithful reader who has trodden 
this difficult path with him. 

The chaos of the literature has to be faced, and its permanent elements 
disentangled and built into ordered knowledge. This must be for a future not 
yet foreseeable, and in the meantime Dr. Critchley has put us in his debt in 
stimulating our courage to face this heroic endeavour, and in so stirring our 
consciences that we mav never again be guilty of building such a tower of Babel. 


F. M. R. W. 
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Contributi del Laboratorio di Psicologia. Pubblicazione dell’ Universita 
Cattolica del Sacro Cuore. Vols. 40 and 41. Milan. Societa Editrice 
“Vita e Pensiero”’ 1952. Price L.800 per vol. 


The work of Dr. Gemelli’s laboratory at Milan has always been marked by three 
distinctive features: First, a concern with basic psychological problems; second, a 
preference for experimental method in their elucidation; and third, a most refresh- 
ing detachment from current theoretical disputes. These welcome qualities are 
clearly in evidence in the two latest reports from this laboratory, which should 
certainly be obtained by every psychological library in this country. 


The first volume is largely devoted to experimental studies of visual perception, 
Dr. Gemelli himself contributes a useful study (in English) of the effects of illusory 
movement perception on auditory localization, which would have been even more 
valuable had a full statistical analysis of the data been undertaken. Together with 
his colleagues, he also reports a new electrical method of recording eye-movements 
which has decided advantages over the photographic methods in current use. In- 
cluded also are a number of papers on colour phenomena, flicker-fusion and bino- 
cular summation, which should be of interest to neurologists and _ sensory 
physiologists no less than to psychologists. These papers are variously written in 
Italian, French and German, but short English summaries (as a rule informative 
but sometimes unwittingly comic) are appended, 


The second volume is concerned mainly with psychometric studies and is hence 


of more limited interest. 


O: LZ. 


The Living Brain. By W. Gray Watrer, M.A., Sc.D. (1953). Pp. 216. 


Duckworth. Price 15s. 


It is fashionable today to propose to study cerebral function in its integrity, and to 
decry preoccupation with neurones and nerve impulses. This book, which is meant 
for general reading, deals almost exclusively with very recent work in this new field. 
The professional reader will not look to it for a more rigorous treatment than is 
usual in popular books. The thread is in part autobiographical. The writer escapes 
from “the academic undergrowth of traditional electrophysiology,” with its insistence 
on experimental control of a single variable, and seeks to understand “the interaction 
of many unknowns and variables, all the time.” Electroencephalography, with auto- 
matic frequency analysis and toposcopic display, is the tool employed. Characteristic 
electrical rhythms have been correlated with personality traits and emotional 
reactions, and with the altered content of consciousness provoked by flicker stimula- 
tion. It is admitted that the waves registered through the skull are due to the 
massed activity of large cell-populations, and it may be objected that, in spite of 
the extreme technical refinement, more subtle events must elude the observer, Thus, 
the electroencephalographic method has not been able to discover the mechanisms 
of elementary animal behaviour and of Pavlovian “conditioning,” and these are 
therefore studied in clever electronic analogues. If such models do not differ in 
explanatory status from purely mental constructs, they do sometimes exhibit unfore- 


seen (though not necessarily unpredictable) properties which mav be helpful in the 


direct interrogation of the living brain. 


Gc. G. P. 
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The Spinal Cord. A Ciba Foundation Symposium. J. and A. Churchill Ltd. 
London 1953. Pp. 300. Price 30s. 


Professor G. L. Brown, the chairman of the symposium, in his opening remarks 
stated that the qualification for participation was to have worked “at one time or 
another, no matter how far in the distant past, on the spinal cord.” 


A more precise assessment of the occasion would have indicated that only some 
aspects of modern electrophysiology of the cat spinal cord were under consideration 
and that only modern electrophysiologists were participants, that the human spinal 
cord was not under consideration, and indeed might not have existed as an organ 
with physiological characters of its own, History, too, was absent from this feast 
of reason, and the observations of Bastian, Head and Riddcch and many other 
clinical workers on the human spinal cord find no mention, 


Still within the narrow limits of its contents, the symposium provides an abund- 
ance of up-to-date information on the experimental electro-physiology of the spinal 
cord of the lower animals, and thus will have its interest and importance for the 
clinical neurologist whose parish is not coterminous with that of the symposiasts 


F. R. M. W, 
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